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The Preliminary Study of Long-Range Water Supply Problems
of Selected Urban Metropolitan Areas was conducted by
Anderson-Nichols and Company, Inc., Boston, Massachusetts,
under contract o the North Atlantic Division, U.,S, Army
Corps of Engineers as part of the Northeastern United States
Water Supply Study. The Study Report is presented in two
parts - Volume I, Main Report, and Volume II, Area Reports.

The Main Report summarizes and outlines the methodologies
used, and presents the general findings for 26 urban metro-
politan areas, The Area Reports includes a chapter for each
urban metropolitan area containing detailed population, water
supply data, projections to the year 2020, supply deficits, and
regional opportunities for solutions to problems,

The Anderson-Nichols effort was conducted under the general
direction of Jerome Degen, Senior Vice President, and Warren
A, Guinan was Project Coordinator, Project Engineers in-
cluded Richard C. Boynton, Anthony S. Donigian, Jr., Joseph
G, Hugo, Stephen D. Parker, and Frederick H. Sharrocks, Jr.;
and Charles W, Amos, Edward A. Rainen, Ron Etzion, and
Stanley J, Portman were Engineering Assistants,



PREFACE

In the densely populated northeastern United States, where
four of every five people live in urbanized areas, water is carried
to its users by numerous complex systems, involving dams,
reservoirs, aqueducts, pumping plants, water treatment plants,
and intricate pipeline networks, Despite these seemingly adequate
systems, the five-year drought of the 1960's created an emergency
situation: extra pipelines were pressed into service, some areas
were actually supplied with drinking water by tank trucks; and
about 14 million people, or 28 percent of the Northeast's population,
were subjected to restrictions on water use, :

While that drought is now history, it demonstrated clearly
that many water supply systems in the Northeast were barely
adequate to meet demands, even under severe restrictions and
emergency operations.

Since the drought, some communities have made substantial
progress in expanding their water supply capabilities. However,
many others have not been able to expand because of policitical,
economic, or environmental reasons. A recurrence of a drought
similar to that of the 1960's in these areas would have much more
severe implications, because increases in population and techno-
logical advances bring about greater demands for water. 1t is
projected that the population of the Northeast will increase by
70 percent, from 50 million to 85 million people, by the year 2020,
with corresponding increases in industrial and commercial activity.
Water presently required per person, excluding that used to manu-
facture goods and provide necessary services, is approximately
128 gallons per day. Projections for 2020 increase the total to
153 gallons.

It is clear that the people of the vital northeastern United
States need more water - not primarily to provide for the present -
but to keep abreast of ever-growing future demands, Planning
must transcend the historical concept that water supply is a
local problem confronting only local resources and talents.

Presently available water supply facilities will not support
projected demands, Water supply planners must consider integrating
their plans for development, they must also combine and relate water



supply development to other urban needs, such as transportation,
communications and power. Though these categories by no means
cover everything necessary for urban living, it is easy to seec

that a shortage of any of them would severely curtail or stop
normal development. Competition for water exists among the
varied interests created by modern society., Changes in the
industrial economy have provided individuals with increased
income and leisure time, but such an economy concomitantly
expects a need for more water.

Planners at every level are recognizing the need to
provide efficient utilization of water resources, In 1965, the
89th Congress recognized the growing importance of coordinated
regional planning to meet the future water supply needs of the
Northeast, and authorized the formation of the Northeastern
United States Water Supply (NEWS) Study, under Title I of Public
Law 89-298. The NEWS Study is being conducted by the North
Atlantic Division of the U.S, Army Corps of Engineers in
cooperation with other concerned Federal, State, regional and
local government agencies and with the water supply industry.
The study will analyze current and long-range nceds, with
emphasis on urgent problems, and produce coordinated general
plans for water supply development and management.

The objectives of the NEWS Study are

1. To establish guidelines for Federal partici-
pation in water supply development,

2 To develop coordinated, regional plans for
the efficient construction, operation and main-
tenance of water supply developments in the
Northeast,

3, To recommend ''action' programs for Federal,
State, regional and local agencies, and for
public organizations,

4. To select programs and geographic areas
which may require continued planning at the
Federal level,

The Preliminary Study of Long-Range Water Supply Problems

of Selected Urban Metropolitan Areas is a major element of the
NEWS Study. It analyzes the long-range municipal, industrial and
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domestic water supply requirements of 26 selected urban metro-
politan areas throughout the Northeast. The 26 areas may
experience major regional problems in assuring water supplies
during the study period, the present through the year 2020,

Two general planning assumptions evolved to guide the
development of this report and to assure that its findings are
valid, They are:

® that water provided for domestic and
industrial supply will have a very high
(if not the highest) priority among all
uses of water throughout the planning
period; and

e that use of water for this purpose need

have no permanently adverse effect on
the environment,
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CHAPTER 1. INTRODUCTION

The drought of the 1960's, which caused unprecedented
water supply emergencies and restrictions in many locations
throughout the Northeastern States, led to the initiation of the
Northeastern United States Water Supply (NEWS) Study. The
Preliminary Study of Long-Range Water Supply Problems of
Selected Urban Metropolitan Areas is a major element of the
NEWS Study,

TIHE NEWS STUDY

The NEWS Study was authorized under Title I of the 1965
Flood Control Act (PL 89-298), in which the Congress recog-
nized that assuring adequate supplies of water for metropolitan
centers has become a problem of such magnitude that the welfare
and prosperity of the Nation require Federal Government assis-
tance in the solution of water supply problems., The Act directed
the Secretary of the Army, acting through the Chief of Engineers,
to cooperate with Federal, State and local agencies in preparing
plans in accordance with the 1965 Water Resources Planning Act
(PL 89-80) to meet the long-range water needs of the northeastern
United States,

The NEWS Study area includes all of the river basins
within the United States that drain into Chesapeake Bay, into the
Atlantic Ocean north of Chesapeake Bay, into Lake Ontario, and
into the St. Lawrence River, The study area, stretching some
1,000 miles from the northern-most tip of Maine to the southern
boundary of the James River basin in Virginia, encompasses
Maine, New Hampshire, Verinont, Massachusetts, Rhode Island,
Connecticut, New Jersey, Delaware, the District of Columbia,
and parts of New York, Pennsylvania, Maryland, Virginia, and
West Virginia., The area extends inland an average of 200 miles
fromi the Atlantic Ocean and covers approximately 200,000 square
miles,

The population of the Northeast is now about 50 rnillion,
25 percent of the national population, and is projected to reach
about 85 million by the year 2020. The present population is
largely urban, with some 60 percent concentrated in the five



metropolitan areas of Boston, New York, Philadelphia, Baltimore,
and Washington. Twenty of the Nation's 100 largest cities are
located in this area, and municipal water suppliers serve
populations as large as 8.5 million, the approximate nuniber

of consumers in the New York City system.

The NEWS Study report will assess present and future
water supply problems on a regionalized basis, and present
multiple-objective, alternative plans for their solution, over
a planning period extending through 2020, with intermediate
benchmark planning years of 1980 and 2000,

The study effort is being tully coordinated with con-
current regional, river basin, and other water resources studies
being coriducted in the Northeast. This will assure that NEWS
Study plans are consistent with, and integral to, all broad water
resource development programs being formulated, and that
planned water supply facilities will achieve maximum benefit.

Initiated in 1966, the NEWS Study has progressed to a
point where preliminary studies have been completed in the
following four major areas where further water supply develop-
menl is considered urgent:

¢ the Northern New Jersey-New York
City-Western Connecticut Area

e the Metropolitan Washington, D. C.
area

¢ Southeastern New England
e South-Central Pennsylvania

Ma jor study efforts are now underway in the Southeastern
New England, Northern New Jersey-New York City-Western
Connecticut, and Metropolitan Washington Areas. These survey
scope studies will develop alternative project oriented plans for
solving water supply problems in these urgent areas



THE UMA STUDY

The Preliminary Study of Long-Range Water Supply
Problems of Selected Urban Metropolitan Areas (UMA Study)
is an evaluation of the water supply situations of 26 urban
metropolitan areas throughout the NEWS Study Area, whose
water supply problems are considered to be less serious than
the four urgent areas, '

The 26 urban metropolitan areas covered in this study
were selected on the basis of population and derived from 28
Standard Metropolitan Statistical Areas (SMSA's) defined by
the U. 5, Office of Budget and Management and four urban areas
which are projected to qualify as SMSA's by the year 2020,

The three general objectives of the UMA Study are:

® To determine and identify those:
metropolitan-areas within the NEWS
\ Study area which may evidence major
regional problems in meeting muni- °
cipal, domestic and industrial water
supply requirements through the year
2020, excluding the four urgent areas; °

e To estimate the magnitude, nature
and time phasing of the expectéd’
problems; and

¢ To develop guidelines and opportu-
nities for regional supplies, or other
alternative solutions.

The study effort was directed toward the delineation
and description of the UMA's, projections of population and water
requirements through 2020; and the assessment of the current
water supply capabilities and planning in each UMA, The
differences between water requirement projection and current
supply capabilities determined each UMA's water deficit.

This report presents regionalization opportunities and
other alternatives for the solution of the water supply problems.
It recognizes possible difficulties in implementing some of the



alternatives because of existing political and institutional res-
traints. However, all proposals for water supply development
were formulated without regard for these restraints.

No attempt has been made to advocate regionalization
as the only solution to water supply problems in a UMA, A
regional approach, however, seems preferable to piecemeal
developments that result in a proliferation of utilities, often
wasting resources without actually solving the problem,

This study has relied on available data already developed
in previous reports and investigations performed by local, regional,
state or federal agencies, with new data being generated only
whete data were unavailable. Its scope is insufficient to define
projects, and it serves only as a tool to assist in the decision
process relative to urgency and magnitude of water supply develop-
ment. The Corps of Engineers does not advocate at this time, in
whole or in part, any alternative solution sel forth in this study,
because it is subject to review and appropriate revision. Neither
does the study presume that the alternatives listed for each UMA
are complete; at best they are representative,

In the total Northeastern United States Water Supply Study
Program, the UMA Study is categorized as a preliminary level
study. The two other levels are engineering feasibility and
survey scope or authorization study. Based on a thorough
evaluation of all the data and analyses included in the two volumes
of this preliminary report, the NEWS Study planners will deter-
mine the need for feasibility-level study of any of the urban
metropolitan areas,



CHAPTER 2, THE URBAN METROPOLITAN AREAS

Farly analyses of the 28 Standard Metropolitan Statistical
Areas and the 4 projected SMSA's resulted in the delineation of 26
urban metropolitan areas for further study.

These 26 UMA's are situated within 11 of the 13 NEWS
Study states, as shown on Figure 1. They had a total 1965 popula-
tion of 11.3 million, about 23 percent of the 1965 NEWS Study
Area total. By 2020, the populations of these UMA's are projected
to increase to 21, 7 million and represent about 26 percent of the
NEWS Study Areas projected 2020 population. The UMA's have
a combined area of some 10,500 square miles, about 5 percent
of the entire NEWS Study Area, A total of 103 major water
supply utilities (generally providing ! mgd or more) are located
in the selected 26 UMA's., There are also an estimated 400
suppliers which provide less than 1 mgd,

An urban metropolitan area is an integrated economic and
social unit with a population greater than 50, 000, comprising a
central city and outlying areas, Its boundaries contain fringe
areas whose densities may be expected to approach 1, 000 per
square mile. For the purposes of this study, a UMA is a water
service area which is potentially amenable to regionalized water

supply.

Generally, the selected UMA's are within the original
SMSA's, In several instances, however, UMA's were delineated
from contiguous SMSA's. The UMA's derived from SMSA
combinations include Manchester-Nashua in New Hampshire,
Hartford (combined Hartford, New Britain and Bristol SMSA's)
in Connecticut, Scranton-Willtes-Barre (combined Scranton and
Wilkes~Barre-Hazelton SMSA's) in Pennsylvania, and Philadelphia -
Trenton-Wilmington in the four states of Pennsylvania, New Jersey,
Delaware and Maryland, Table 1 shows the state locations of the
selected UMA's and illustrates the SMSA-UMA relationship.

It must be recognized that for any group of projections
concerning population, water demands, and even the subsequent
water deficits, a broad range of projections should be considered
in developing projects with the flexibility necessary to handle
most, if not all, possible situations. Such a range of projections
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TARLE 1

DERIVATION OF URBAN MFTROPOLITAN AREAS

SMSA UMA
Maine Bangor 1/ Bangor
Lewiston-Auburn Lewiston~Auburn
Portland Portland
New Hampshire Manchester Manchester-Nashua
Nashua
Vermaont Barlington 1/ Burlington
Massachusetts Pittsfield Pittsfield
Connecticut New London-Groton-Norwich New London-Groton-Norwich
New Britain
Hartford Hartford
New York Albany-Schenectady-Troy Albany-Schenectady-Troy
Utica-Rome Utica-Rome
Syracuse Syracuse
Rochester Rochester
Binghamton 2/ Binghamton
Elmira 1/ Elmira
Pennsylvania Sc.ranton Scranton-Wilkes-Barre
Wilkes-Barre-Hazelton
Williamsport 1/ Williamsport
Altoona Altoona
Allentown-Bethlehem-Easton Allentown-~Bethlehem-Easton
Reading Reading
Philadelphia 3/
Delaware Wilmington 4/ Philadelphia-Trenton-Wilmington
New Jersey Trentc_)n ' Atlantic City
Atlantic City
Vineland Vineland
Virginia Lynchburg Liynchburg
Richmond 5/ Richmond
Newport-News-Hampton Newport-News
Norfolk-Portsmouth Norfolk

1/ Not SMSA's as of 1970 Census; anticipated to be SMSA's by 2020.
2/ Shared with Pennsylvania

3/ Shared with New Jersey

4/ Shared with Maryland and New Jersey

5/ Includes cities of Petersburg, Colonial Heights, and Hopewell for purpoeses of this
study



are also a consideration in the risks assumed or the margin of
safety developed in establishing any censtruction completion date.

The single value of the projections contained in this study
represents the median of the respective elements, and the
assumptions and judgments made during the course of this study,
These statistics, at best, are preliminary and thus subject to
change. They have only been used as tools in formulating
regional opportunities, and could be adjusted at any stage of
the NEWS Study,

POPULATION

Population projections for each UMA are based on demo-
graphic data originated by the Office of Business Economics (OBE),
U.S. Department of Commerce, OBE prepared an economic base
for the North Atlantic Regional Water Resources Study that pre-
sented historical and projected economic and demographic
information for the following areas: Entire United States,

New England, the North Atlantic Region, States or portions of
States in the North Atlantic Region, and North Atlantic Region
water resources planning areas,

Obviously, by using a nationally and regionally controlled
base, the projections in this report must fit within the framework
of the whole. Projections made by others not so bound may differ
from the projectlions based on the OBE data,

Table 2 contains summarized population data, grouped
regionally, to facilitate presentation. This table reflects a 1970
population range from 57, 000 in the Pittsfield UMA, to more
than 5 3 million in the Philadelphia-Trenton-Wilmington UMA --
a range of nearly two orders of magnitude. Projections for 2020
indicate that the populations of these two UMA's will remain
smallest and largest, with respective populalions of about 68, 000
and 8, 8 million

The trends toward "urban sprawl' were especially brought
out in the population studies for the UMA's, Between the censuses
of 1950 and 1360, 20 of 43 central cities in the 32 SMSA's had
increases in their population, and the remaining 23 lost population.



Bangor

Lewiston-Auburn

Portland

Manchester-Nashua

Burlington

Pittsfield

New London-Groton-
Norwich

Hartford

Total New England

Albany-Schenectady-
Troy

Utica-Rome

Syracuse

Rochester

Binghamton

Elmira

Total New York

Scranton- Wilkes-Barre

Williams port
Altoona

TABLE 2
POPULATION DATA
(Values in Thousands)

Allentown-Bethlehem-

Easton
Reading

Philadelphia-Trenton-

Wilmington
Atlantic City
Vineland

Total Middle Atlantic

Lynchburg
Richmond
Newport News
Nerfolk

Total Virginia

1960 1970 1980 2000 2020
NEW ENGLAND
72.6 69.7 74.6 87.3 102.0
70,3 72.5 73.8 54,7 93,3
142, 2 146.5 156.0 180.0 213.0
159, 6 200, 3 225.0 360.0 426.0
65,0 §2.6 109.5 145, 4 172.3
57.9 57.0 59,0 63.5 68,1
131.2 159, 0 152. 0 227.0 270.1
713.9 850. 9 984.5 1,241,9 1,386.6
1,412.7 1,638.5 1,864.4 2,389, 8 2,731.4
NEW YORK
607.9 659, 6 743 6 971.1 1,150.6
320,5 328, 0 389 0 480, 0 636.5
480 3 539, 2 600. 9 760 9 940 3
586, 4 711.9 897 0 1,052.0 1,318 0
200.3 207.6 246. 0 314 5 398, 0
116. 8 117.9 135.0 184.5 227.2
2,312.2 2,564.2 3,011.5 3,763.0 4,670.6
MIDDLE ATLANTIC
476.2 462, 3 497, 6 603.9 692.2
94, 9 96. 3 109, 6 121.1 1331
107. 6 106, 5 117.0 139, 0 155.5
415, 0 452.0 491. 0 584, 4 667.8
228.1 239,3 252. 0 308.0 379.0
4,842,0 5,384.0 5,877.0 7,311.0 8,798.0
122.3 129.5 135.5 185, 5 229,0
87.9 100, 4 120. 0 152.0 186.0
6,374 0 6,970.3 7,599.7 9,404.9 11,240,6
VIRGINIA
82.7 86.5 90 0 103. 0 115, 0
400, 0 511.3 637.3 862.6 1,113.9
201 4 261 5 340, 0 455, 0 585. 0
520.0 666, 3 769.0 983.0 1,230.0
1,204,1 1,527.6 1,836,3 2,403.6 3,043,9



Between the 1960 census and that of 1970, however, only 12
increased while 31 decreased in population. Nevertheless,

these tables reveal that between 1960 and 1970, 22 of the UMA's
gained a total population of over 1.4 million, while the remaining
four lost population amounting to only 19,000, The significance
of these trends is covered in the section of this chapter on water
demands,

It should be noted that this is not a definitive demographic
study. The population predictions serve only as a means to an
end for projecting water demands. Comparative examples of
projections made by others are presented in Chapter 4. However,
projections made by others in every UMA studied were considered
carefully in arriving at the figures presented here,

WATER DEMANDS

Chapter 4 provides the details of the methodologies and
assumptions used in projecting municipal and industrial (M & I)
water demands., Three steps were followed in developing these
projections: (1) Projections based on historic trends of domestic,
commercial and publicly-supplied industrial water, (2) projections
of total industrial water, and {(3) modification of the results in the
first step for some of the UMA's,

The first step was accomplished using a regression
equation developed for the North Atlantic Regional Water Resources
Study, which was selected because it has the following features
that appeared to best serve the purposes of this study:

1. It is a modern technique that takes advantage of
general historic trends of water use (domestic,
commercial, and publicly-supplied industrial water),

2, It has a tested range of applicability throughout the
NEWS Study Area.

3. It requires only a single recent base year for which

population, water use, and per capita income data
are simultaneously available,

10



4., It provides projections based on parameters of
population and per capita income, both readily
projected, and logically associated with water use,

In the second step, projections of total industrial water
were made using the methodology developed for the August 1969
NEWS Study Report on "Alternative Regional Water Supply Plans
for Northern New Jersey - New York City - Western Connecticut
Metropolitan Area' as described in the Methodologies chapter.

Finally, the projections of Step One were accepted or
modified by the results of Step Two and an analysis of the expected
yield of fresh water sources available to the UMA for development.
Essentially, the problem resolved in this analysis was whether
sufficient fresh water was anticipated to be available in each
specific UMA to expect industry to supply itself in meeting the
projected increased demands, whether industry would be dependent
to the same degree as it has in the past on publicly-supplied water,
or to a greater degree in the future.

Industrial water use data are rather limited, either as
separate statistics and compilations ot as a part of published
water supply plans. The methodologies used here to project
industrial water demands seem to offer at least plausible results
for preliminary planning,

Most plans reflect the amount of publicly-supplied industrial
water for the base year of the plan, The difference between total
M & I water use and publicly-supplied industrial water represents
domestic water. Table 3 contains the domestic water demand
projections,

Table 4 contains the publicly-~supplied industrial water
projections, and Table 5 shows the self-supplied industrial
water projections. " When combined, the data in these two tables
reflect the total industrial water demands for each UMA sum-
marized in Table 6. Combining the data presented in Table 3
with the data presented in Table 4 results in the total M & 1
water demands, summarized in Table 7.

All of the UMA's reflect increasing demands for M & I
water supply ranging from 50 percent for Pittsfield UMA to 450
percent for Elmira UMA to the year 2020, The average increase
for all 26 UMA's is nearly 200 percent,

11



TABLE 3
DOMFESTIC WATER DIEMANDS
(m.g.d.)

Mid
UMA 1960's 1980 2000 2020

NEW ENGLAND

Bangor 6.7 8.6 11,6 15.9
Lewiston-Auburn 5.7 7.3 9.7 12,7
Portland 18 5 24,2 32,3 44,5
Manchester -Nashua 16.3 26 0 45. 4 61.9
Burlington 4,0 6,9 10,3 14 4
Pittsfield 6.5 7.7 9.5 12,0
New Londen Groton~

Norwich 7.9 14,0 20 0 26,9
Hartford _54.0 83.0 121.9 153.0
Total New England 119, 6 177.7 259, 8 341 o

NEW YORK
Albany-Schenectady-

Troy 70,0 99 8 144, 3 188, &
Utica-Rome 31,0 44,90 63,0 34, 0
Syracusc 56,0 91,7 132. 4 187.6
Rochestn: 77.0 101, 2 148, 1 212 2
Binghanmitoan 17,0 25 7 37.7 54. 6
Elmira 9.7 15. 8 24, 4 34.6
Total New York 260 7 378,72 549, 9 771. 8

MIDDLE ATLANTIC
Scranton- Wilkes-Baire 58,0 77. 4 108, 3 143, 2
Williamsport 6.5 13,4 17.6 23.2
Altoona 10.5 13.3 18 2 24,0
Allentown-Bothlehem-

Easton 41. 0 52.0 71. G 94, 0
Reading 16:6 21.5 30, 3 42.7
Philadcliphia-Trenton-

Wilmingion 428 0 560, 0 820, 0 1,130, 0
Atlantic City 20.1 25,9 39.6 55.6
Vineland 3.0 15,3 24. 3 36.5
Total Middle Atlantic 589.7 798, 8 1,129 3 1,549, 2

VIRGINIA
Lynchbur g 6.5 io. 0 13,5 17.5
Richmond 42.7 62,8 96, 2 137. 8
Newport News 17,0 28,0 42.0 63.0
Norfolk 52.0 78.8 115, 2 165, 2
Total Virginia 118,2 179. 6 266, 9 383.5
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TABLK 4

PUBLIC LY SUPPLILD INDUSTRIAI WATER DEMANDS

UMA

Bangor

Lewiston-Auburn

Portland

Manchester-Nashua

Burlington

Pittaticld

New lLondon-CGroton-
Norwich

Hartford

Total New England

Albany-Schenectady-
Troy

TMica~Romne

Syracuse

Rochester

Binghamton

Elmira

Total New York

Scranton- Wilkes-Barre

Williamspott

Altoona

Allentown-Bethlehem-
Faston

Reading

Philadelphia~-Trenton-
Wilmington

Atlantic Cily

Vineland

Total Middle Atlantic

Lynchburg’
Richmond
Newport News
Norfolk

Total Viiginia

{m.g d )

Mid
1960's

102 ©

MIDDLE A1LANTIC

30
3.5
1

Tt O

13
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19.7 28. 8 41.3
77.5 116, 8 166, 6



TABLE 5

SELF-SUPPLIED INDUS I'RIAL WATFR DEMANDS

UMA
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Lewiston-Auburn
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Wilmington
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Vineland
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Total Virginia
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44,0
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TOTAL INDUS I'RIAT. WATER DEMANDS

UMA

Banpor

Lewiston-Aubuin

Portland

Manchester-Nashua

Bwlinglon

Pitlafield

New London-Gi oton-
Noiwich

Har(ford

Tolal New Ingland

Albany-Schenectady-
Troy

Utica-Rome

Syracuse

Rochesie:

Binghamton

Flmira

Total New York

Scranton- Wilkes-Barrve

Williamsport

Altoona

Allentown-Bethlehem-
Easton

Reading

Philadelphia-Trenton-
Wilmington

Atlantic City

Vineland

Total Middle Allantic

Lynchburg
Richmond
Newport News
Norfolk

Total Virginia

TABLE 6
{m g.d.}

Mid
1960's

NEW ENGLAND

19,2
11.2
13,7
43 3
7.8
i4.4

24,0
80.0

213.6

NEW YORK

140, 0
44,0
62 0

102.0
20.0

119

379.0

MIDDILF ATLANTIC

33 0
203.3
28.0
32.0

296, 3

1980 2000 2020
22.7 28,7 37,5
12. 6 15 1 18, 9
15, 4 18, 9 23,8
46.7 54. 6 67. 2

5. 4 9.5 11.3
14, 4 14. 4 14. 4
26,2 31 5 40.
90, 0 112, 0 151. 0

236, 4 284, 7 364.7
141, 2 156, 0 178. 0
45, 0 46. 0 59.0
62,0 67.0 5.0
112, 0 141 0© 180, 0
20. 1 21,6 25.5

_18.0 26,0 40.0

398 3 461, 6 567.6
45,0 55. 0 69 &
10. 0 12. 4 15, 8
17 3 19.3 23.1

360, 0 436, 0 531.0
47,0 55. 5 73.6

2,760,0, 4,000,0  5,750.0

2.5 3.0 4.0
31. 1 38, 1 47.8

3,292.9  4,619.3 6,515, 1
38.0 43,0 57.0

225. 8 319.0 423 3
35,0 52,0 71. 0
45,7 68, 8 96, 3

344, 5 482.8 647, 6



UMA

Bango:

Lewiston-Auburn

Portland

Manchester -Nashua

Burlington

Pittsficld

New I.ondon-Ci1oton-
Norwich

Hartiord

Total New FEugland

Albany-Scheneclady-
Troy

Ulica~Rome

Syracuse

Rochester

Binghamiton

Elmira

Total New York

TABLE
TOTAL M & 1 WATER DEMANDS
(m. g, d,
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NEW ENGILAND
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6,
12,
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15,9
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362.7

MIDDLE ATLANTIC

Scranton~- Wilkes-Barre

Williamsport

Altoona
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Philadelphia-Trenton~-
Wilmingion
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Vineland

Total Middle Atlantic

Lynchburg
Richmond
Newporl News
Norfolk

Total Virginia
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VIRGINIA

10,5
76,0
25.0
65. 0

176.5
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1980 2000
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10,6 15.5
27.9 39.5
33.4 60.7
9.5 14,0
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24.2 35 &
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246, 9 364 5

124.0 183, 3
60. 0 82 0

119 7 165, 4

131.2 207 1
38 8 52.3

25,8 _44. 4

499_5 734.5

110.4 151.3
i5.,4 25,0
15,6 22.5
88,0 136.0
38. % 55,8

1,000.0 1,420, 0

25,9 39,6

18. 4 28,1
1,315, 2 1,678, 3

16, 0 23.5

102, 6 155, 2
40. 0 61.0
98. 5 144, 0

257, 1 iB3, 7

249,
124,
238,
310,
73.1
66. 6
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1,062.3

201.0
34.0
32.1

200, 0
86. 3

1,990.0
55.6
41.3

2,640,3

33.5
222,11
90. 0
206.5

552.1



The trend of central cities losing population to the sur-
rounding suburban areas is significant to water supply, as the
requirements for extending centrally-located distribution systems
increase. Certainly, some new distribution systems are built
where extensions of existing systems are impractical., As the
service areas within a UMA coalesce, the extension of old and
construction of new transmission facilities to the load centers
must be kept ahead of the demands. The loss of customers in
the central cities results in the loss of revenue while operation
and maintenance costs mount with age of the existing facilities,
Projected increases in per capita use will only partially offset
the losses of revenue. Periodically, the central city could be
expected to raise its rates to maintain itself. Perhaps planning
should be directed toward locating industry or recreational
facilities in the central cities to take advantage of the in-place
utilities left by the exodus of people.

Logically, such trends point to the need for the possible
regionalization of water supplies. Transmission construction
and mass interconnections of distribution systems necessary to
support the UMA become the critical concern of the engineer
planner,

CAPACITY AND DEFICITS

A review of the plans for water supply together with data
collected from many sources, such as planning agencies and
water utilities, provided information on the present water supply
capabilities of each UMA, which is presented in Table 8. This
table presents gross capacities, which when compared to the
total M & 1 water demands, reflect either a gross excess or
gross deficit.

The determination of the capacity in each UMA was based
on facilities development existent in the mid 1960's, Mid 1960's
capacity was adjusted in 1980 for the Hartford, Rochester, Reading,
and Newport News UMA's, Additional facilities are now under
construction in these UMA's that are expected to be in service
prior to 1980, Many plans, some of which were abstracted for
this study, reflect future planned construction which would in-
crease present capacifies., These are evaluated elsewheére in
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TABLFE &
M & 1 WATER SUPPLY DEFICITS

WATER DEMANDS VERSUS CAPACITY
{in mgd)

NEW ENGLAND MIDDLE ATLANTIC
Mid Mid
LNA 1940%s 1950 2000 2020 UMA 1960's 1980 2000
angor Scranton-Wilkes-Tlarre
Total M & | Demand 72 9.2 12. 4 16. 3 Total M & I Demands 88,0 110.4 151.3
Capacity 11. 8 11, 8 1. B .8 Capac ity 145, 8 145, 0 135, 0
D-ficits - . 0.6 5.1 Deficits -- -- 6.3
Lewister-Auburn Williamsport
Tetal M & 1 Demand 70 10.6 15. 5% 22.3 Total M & I Demands 10.0 18,4 25.0
Capacaty 4.1 15,1 14.1 1.1 Capacuy s 17,4 i7 4
Deficits -- - 1.4 8.2 Deficits -- 1.0 7.6
Porttand Altoona
Total M & I Gemand 20.5 27 9 19,5 5b. 9 Total M & I Demands 12.¢ 15.6 22.5
Capacity 52,3 523 52 3 52.1% Capacity 12,6 12,0 2.6
Deficut .- -~ -- 4.6 Deficats -- 3.6 10.5
4 hester-Nashua Mlisotown-Bethlehem-Faston
votzl M & I Demand 20,3 33.4 60,7 9.8 Total- M & T Demands 59.0 880 136.0
Capacity 3.8 33.8 33.8 33.8 Capacity 2.9 97,9 1.9
De:ficita e - 26,9 66,0 Deficita - - 38,1
Barlugion Reading
Total M & I Demand 6.0 9.5 14,0 19. 9 Total M & [ Demanas 30,1 38,5 5%. 8
Capacity 12.0 12. 5 i2.0 12,0 Capacuty 54.9 £4,.9 63,9
Leficits -- - 2.0 7.9 Deliciis .- - --
Pittvfipln Philadeiphia-Trentan-Wilmangton
Tota! M & I Demand 12.9 1.1 15,9 18. 4 Tolal M u § Demanus £58. 0 1,000.0 1,420.0
Capacity 14.9 14.9 14.9 14, 9 Capacity 1,032.3 1, 0323 1,032.3
Deficats - - 1.0 3,5 Daficus - - kY
New london-Groton=-Norwicn Atlantic City
Tetal M & I Demand 15.9 24,7 35.5 51.5 Tutar M & I Deianadls wol 25.9 3.5
Capacity 26. 4 28 4 2E. 4 28,4 Canacity 526 £2.% 52,5
Deficin - - 7.1 23. 1 Deficit . - -
Hartierd Vinclard
Total M & I Deomans £4. 0 8.0 71,9 2é6,.0 Tutar M & I Demands 1.5 12.4 28,5
Cavacity 122.m 177 0 XA "7 0 Capacity 30, 6 LS 20 &
Deficit - - -- 1.4 Deficits .- - .



61

UMA

Albany~Schensctardy-Troy

Total M & I Dvmands
Capacity
Deficits

Utica-Rome=
Tvial M L ! Demanda
Capaqity

D=ficits

Syracuse
Total M & T Demands
Capacity-
Deficits

Rochester
Total M & I Demands
Capacity
‘Deflicita

:!ﬂnghnmg_c_:g-
Total M & 1 Demands
Capacaty
Deflicits

Elmira
Total M’°%& T Demands
Capacity
Delicits

TABLE 8 (Continued)
M & I WATER SUPFPLY DEFICITS

WATER DEMANDS VERSUS CAPACITY

{in mgad}
Mid
1960's 1980 2900 2020 UMA
Lynchburg
3.0 124.0 3 249.8 Total M & I Demanda
132. 8 132.8 137. 8 132, 8 Capacity
-- - 50.% 117, 0 Deficits
Ri:chmond
460 60,0 82,0 124, 0 Total M & I Demands
46.5 46.5 46,5 46. 5 Capacity
-- 13,5 35,5 T7.5 Deficits
Newpor: News
84.0 119.7 155, 4 238.6 Total M & I Demands
139.3 139.3 139 3 139.3 Capacity
-- -~ Zo, 1 9%.3 Deficuts
Norfolk
97.0 131.2 207 1 310.2 Tota] M & I Demands
120, 0 160, 0 120, C 190, 0 Capacity
-- LE 17,1 120, 2 Dheficits
30.0 38,8 £2.3 73.1
9%n0 90 .0 _23.0
12.7 25,8 44, 4 66,6
27,0 21 0 27 0 27,0

17,4 39.6

FIRGINIA,

Mid
156075 1980 2000 20290
10.% 1, 3.5 3%.€
5.0 286 150 150
- .o 5.5 18.5%
70,0 102.5 1552 2221
120.0 120, 0 12¢. 0 12¢. 90
- - 35.2 igz. 1
25.0 40,0 61.0 90.0
30,9 50,0 50,0 5. ¢
-- - 11. 6 g.e
65,0 98. 5 1440  206.%
20,5 59,5 °g,5 90 ¢
-- £.5 53,5 W16, C



the study. The deficits shown would be reduced accordingly, if
and when such plans are actually implemented.

Unless the combined systems were suitably interconnected,
the full capability of the systems could not be realized. Consequently,
local deficits could occur sooner and the amount could exceed that
shown in this table. Thus, the results shown can be considered
minimum deficits,

Table 9 summarizes these gross deficits for each bench-
mark year. Deficits first appear in five of the UMA's by 1980,
and in fifteen more by 2000. Five UMA's do not show any de-
ficits until 2020; and one has no deficit appearing during the study
period. The cumulative total deficits also are shown in Table 9
for each benchmark year,

TABLE 9

SUMMARY QF WATER SUPPLY DEFICI1S

1980 2000 2020
Deficits first Deficits fi1 st Delicits first
appearing in appearing in appearing in
1980 Cumulative 2000 Cumulative 2020 Cumulative
Number total Number tutal Number total

of Deficits  deficits of Duficits  deficits of Deficits  deficits
Region UMA's [(in mgd) {in mgd) UMA's {inngd) (iningd} UMA's  lin mgd} {in mgd)
New England - -- .- [ 19,0 39,0 5 55. 6 159 4
New York 1 13.5 13,5 4 i1 1 146, 6 -- -- 453, 6
Mid-Atlantic 2 46 4.6 3 439 7 450, 2 3 351 1,187 6
Virginia 2 9.5 9.5 2 _46,2 108, 2 - - 276, 6
Totals S 27.6 27 6 15 636 0 744, 0 5 90 7 2,077 2

The significance of these deficits is covered in detail in
Volume II, Area Reports. Considering that normal planning and
construction for water supply will provide capacity to meet needs
about 15 to 25 years in advance, it does not seem unreasonable
that most of the UMA's have deficits appearing by 2000. Those
UMA's with deficits not appearing until 2020 are in an especially
favorable position, while those expecting deficits within 10 years
may have cause to be concerned in the immediate future.

The relative magnitude of the deficit when compared with
the total demand is particularly significant, For the five UMA's
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for which deficits are indicated by 1980, the ratio of the deficit
to the demand expressed as a percent is given in Table 10 below.
TABLE 10° '
RELATIVE MAGNITUDE OF DEFICITS (1980) TO

TOTAL M & I WATER DEMANDS FOR SELECTED UMA'S

UMA Percent

Altoona 23.
~ Utica~Rome 22.
Norfolk 8.
Liynchburg 6,
Williamsport 5.

IS VYR« T

Finally, it is necessary to examine the specific situation
in each of these UMA's to determine the nature of the problem
and consider whether the problem is critical. The problems in
these five UMA's are briefly outlined below:

1. Altoona UMA -- the limiting factors are inadequate
transmission and pumping facilities and inadequate
treatment capacity during times of high runoff; the
safe-yield of developed sources is estimated to be
60 mgd.

2. Utica-Rome UMA -- the limiting factor is treatment
facilities. Both Utica and Rome are continuing to
supply water from surface sources to their present
service area, without providing treatment required
by the state.

3. Norfolk UMA -- the limiting factor is locating the
most reasonable source for development; present
local sources are fully utilized and the area is
confronted with the need to import water from
increasing distances or seriously consider reuse
of wastewater,

4. Lynchburg UMA -- the limiting factors are treatment

capacity and transmission facilities; additional sources
are available but would require additional development.
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5. Williamsport UMA -- the limiting factors are treatment
and transmission, although additional sources must be
developed to meet the 2020 demands. The Williamsport
Municipal Water Authority is now expanding its reservoir
capacity by about 2 mgd, which should meet the 1980
demand,

From an engineering point of view, the problems of Altoona,
Lynchburg, Utica-Rome and Williamsport seem more readily solved
than for Norfolk, Obviously, from a social or economic point of
view, the solution of any of these could prove to be critical for the
particular UMA, Weighing these aspects, the following priority
order of criticality seems logical:

Priority UMA
1 Norfolk
2 Altoona
3 Utica~Rome
4 Lynchburg
5 Williamsport
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CHAPTER 3. REGIONALIZATION

In the early 1960's, most of the Northeastern United
States was affected severely by a drought. Many communities
suffered acute hardships: some because emergency measures,
such as utilizing tank trucks and hastily-laid pipe lines to
assist water-starved areas, were inefficient; others because
they were handicapped by inadequate connections in their attempts
to receive aid from their neighbors, If the extended conse-~
quences of a drought had been considered in the plans and de-
signs of water supply systems, provisions for interconnecting
facilities with those of neighboring communities may have
averted the disastrous water shortage.

Almost every urban metropolitan area considered in
this study was found to have several water utilities, but, like
many other metropolitan areas, only a few have made physical
interconnections, Regional planning for water supply, however,
was found to be a trend in all the areas of the Northeast.

Population explosion, suburbanization around core
cities, and industrial expansion have overtaxed local planning
and, as a result, the construction of water supply facilities,

In the case of smaller utilities, developing new sources or
increasing the yield of present sources may be uneconomical,
or even physically impossible. They may be able to continue

to supply a fixed number of customers for many yvears. They
will eventually deplele their local sources or induce shortages,
however, if they attempt to provide service to a greater number
of customers,

Regionalization is a broad term, and its implications
are extensive. In the UMA study, a regional water supply is a
system which has the sources and facilities to serve adequately
two or more municipalities; and which results from the inte-
gration of any one, or any combination, of the plans, designs,
construction, management, or interconnected facilities of
smaller systems. The potential for a regionalized supply
system exists in all of the UMA's, since each contains at
least two municipalities and water utilities, The extent to
which this potential has been implemented, however, varies;
some areas already are served by one integrated system, while
others are just beginning to consolidate plans or services,
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How appropriate to a given area regionalization may be
is determined by its affects on the environment, socio-economic
bases, reliability of consolidated systems, and efficiency of
sources and management,

There exist no limits to the size or location of potential
water supply areas when considering a regional system; how-
ever, a logical approach is to seek local sources first, and to
expand to greater distances later. Therefore, once an urban
metropolitan area was judged feasible, in this study, to accom-~
modate regionalization, the exploration for resources progressed
from the local watersheds, to the major river basin, and finally
to inter-basin transfer. The progression can be carried to
grandiose proportions, so that even transporting water from
the Yukon to supply the arid Texas-Arizona region is not in-
conceivable. Of prime importance in determining whether a
source, local or distant, can be utilized, are the physical as-
pects of the water supply--quantity, quality, storage, pumping,
treatment and transmission.

EVALUATING UMA WATER SUPPLIES

A comprehensive evaluation of the water supply situa-
tion of each of the designated UMA's was prepared by adhering
to five procedures:

) Categorizing the existing water supplies as
regional or non-regional;

. Determining the adequacy of the existing
systems, and their plans for the future, in
meeting the anticipated water demands;

. Determining the desirability for greater re-
gionalization, assuming an increase of the
potential to meet demands (or preclude deficits),
to conserve resources, or to effect greater
economy.

° Suggesting alternative developments of water
supply; and,

] Establishing an order of technological

practicality to all of the opportunities for
water supply, and placing them within the
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time periods before and after 1990, or at
benchmark years 1980, 2000 or 2020,

The derivation of the evaluation procedures is explained
in the section in Chapter 4 "Basis of Analysis for Regional
Water Supply, "

The nature of this study is such, however, that only
minimal consideration has been afforded the solutions of
problems peculiar to a local unit within a particular UMA,
It was felt that those problems could be most suitably
corrected locally,

SUMMARY OF REGIONALIZATION

Many UMA's were found to have a framework for a
regional system. In such instances, either a planning organi-
zation to consider the possibility of consolidating the water
supply of the UMA exists; or legislative action has been im-
plemented to establish one. Included for consideration are
the merits of collective management, and the physical
problems of effecting a regional water supply. Occasionally,
however, political, economic or institutional restraints
within certain UMA's impair the designs for regionalization,
When made known, the restraints are identified; but they
have been disregarded when the desirability for regionalization
and alternatives for development have been proposed, It
would not be reasonable to eliminate from consideration a
feasible suggestion for water supply, merely on the basis of
a constraint which might be amended.
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CHAPTER 4, METHODOLOGIES

The initiation of a planning effort with the magnitude
of scope and the variety of locations involved in the Preliminary
Study of the Long-Range Water Supply Problems of Selected
Urban Metropolitan Areas, required the careful and detailed
development of a plan of study, or procedural guidelines for
directing the project.

The four major sections in this chapter -- Regional
Water Supply Analysis, Water Deficits, Analysis of Water Avail-
abilily, and Cost Estimales were developed at the initiation of
the study as basic guidelines for the conduct of the study and the
development of the report, While they were followed for the most
part as the study progressed, there are some items that were
not utilized fully because they would have led to analyses that
would have gone beyond the scope of this preliminary study, and
in some instances, these methodologies were amended as the
study progressed, They have been reproduced in full, however,
because they serve as a guide to a complete understanding of the
procedures used in the preparation of this report, and might be
of benefit in possible future, more-detailed studies of the areas
or data covered in this study.

REGIONAL WATER SUPPLY ANALYSIS

The primary objective of the NEWS Study is to prepare
plans for adequate water supplies for the urban metropolitan
areas of the Northeast, Planning water supplies to serve these
large areas, represents a challenge as well as a problem to
those concerned -- the development of water supply in sufficient
guantity, of high enough quality, and without any further damage
to the environment, are noi problems to be solved overnight.

It is therefore imperative, before embarking on any
course of action, to take stock of the existing situation through
intensive analysis. Water is not evenly distributed in America,
nor is it naturally concentrated in those areas having the greatest
requirements. Uncoordinated water supply development, ecither
in concept or method, will not solve long-range water supply
problems,

27



The UMA Study has raised some major questions and
developed detailed reasoning leading to a logical choice of re=~
gionalization of water supply as an adjunct to such high popu-
lation density., Each area, however, is an individual case, and
therefore regionalization should not be the predetermined
solution until proper evaluation has been made of all possible
current and future cause and effect relationships.

THE ANAI YSIS

Four steps are necessary in making a thorough analysis
of the potential for regionalizing water supplies. They are

l.  Examination of the existing water
supply situation,

2.  FEvaluation of the capabilities of
the existing planning efforts (o
achieve desired goals.

3. Determination of the applicability
of regionalization for each urban
metropolitan area, and

4, FExamination of the opportunities
that are available for regionalizing
waler supplies, when il appears
desirable in effecting more efficient
operation in the attainment of nec-
essary goals,

A full description of the procedures involved in evaluation
of these four major points follows

Existing Water Systems
Total Capacity. Determination of the total capacities

of the sources, treatment plants, pumping facilities and trans-
mission mains of major systems.

Total Deficits. Based on projected water demands, deter-
mination of the deficit in total system capacity for appropriate
time periods as pertaining to sources, treatment plants, pumping
facilities, and transmission mains,
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Degree of Regionalization. Determination of the degree
to which the existing systems fulfill a regional concept for water
supply. The following'questions should be answered in analyzing
the potential for regionalization-

System Size -- Is the UMA served by several small
systems, a few large systems, or a combination of large and
small systems?

Interconnections -~ Are any of the systems interconnected?

Joint Sources -- Are any water sources used by several
water utilities?

Management Status -- Does a collective management exist?
Regionalization ~- Are systems amenable to regionalization?
Existing Plans
In evaluating the current efforts of all planning agencies
which have responsibilities in the UMA, the following five con-
siderations should be made:
Comparison of UMA Data with Existing Plans, Co.mpare

the projections of this study (population and water demand) with
those of the existing plans.

Comparison of Plans with Needs. Determine the future
capacities provided by the existing plans -- will the plans satisfy
the 2020 or other bench mark year needs? Consider the possible
abandonment of facilities (tréatment, pumping, transmission)
which may be obsolete by 2020.

Regional Concept of Plans., Are the existing plans regional
in concept -- can they be expanded to effect regionalization of
water supply?

Cost of Planned Projects. Extract or calculate the es-
timated construction cost of the projects included in existing plans.

Status of Plans, Contact involved local and regional
officials to determine the present implementation status of the
existing plans. :
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Applicability of Regionalization

Factors to Consider. There are several factors which
bear on the possible application of regionalization to the water
supply systems in a UMA. The factors which must be considered
are:

Future Deficits -- The existence of large future deficits
(source, treatment, pumping, transmission). The deficits
should also be sized in relation fo total system capacities.

Facilities Expansion Limitations -- Expansion of existing
systems which will not accommodate projected deficits,

Inadequacy of Plans -- Proposed local plans in a UMA
which are inadequate for meeting projected needs.

Inefficient Use of Resources -- Inefficient utilization
of water resources and/or financial resources designated for
water resource development.

Shortage of Resources -- Non-availability of economically-
feasible local resources,

Reliability of Sources -- Reliability of quantity or quality
of existing and projected sources.

Expanding Economic Base -~ Desirability of developing a
broader base pertaining to parameters such as economics and
administration.

Evaluation Conclusions. Based on these factors, the
evaluation of each UMA, with regard to accomplishing efficient
water utilization for meeting 2020 water supply demands, wiil
result in one of the following conclusions-

] No additional water supply development, or
modification to existing supplies are necessary--
present plans are adeguate,

[ Relatively minor modifications to existing
plans are necessary.

] Regionalization must be given full consideration.
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Regionalization Opportunities

In an evaluation of the feasibility of opportunities for
regionalizing water systems, it is imperative that all potential
sources are identified, yields analyzed, and alternative plans
developed.

Identification of Sources, In identifying feasible sources,
the following should be considered:

Groundwater -- Available groundwater within close
proximity to, or outside the UMA.

Surface Water (Class A, B, or C) -- Available within
the UMA, or outside the UMA within the major river basin in
which the UMA is located. (Class C water will require heavy
treatment, }

Other Sources -~ Water which can be made available
through interbasin transfer, the reclamation and reuse of waste -
water, or the eventual desalting of brackish water or seawater.

Yield. Evaluate the safe yield or possible developable
yield from sources identified, noting any water quality problems
as they affect the availability or feasibility of a source, If a
source has multiple uses, consider only the allocation available
for water supply as opposed to allocations reserved for other
uses such as Jow-flow maintenance or hydroelectric power.

Groundwater -~ Search available literature for estimates
of aquifer yield and/or consult local officials.

Surface water -- Obtain rough estimates of storage by
any of the generally accepted techniques,

Alternative Plans. Generate reasonable alternative plans
for supplying the UMA's, considering the following

Adequate Sources -- List plans of single sources and/or
combinations which will supply the required projected deficits
that appear feasible,

Required Facilities -- Indicate the necessary accompanying
facilities (treatment, pumping, transmission! for each alternative
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plan, including estimates of required design capacities, approx-
imate locations of plants and transmission lines, and necessary
modifications to existing facilities, institutional, or managerment
arrangements,

Evaluate Opportunities -- Make an evaluation of oppor-
tunities to include practicality based on present technology, time
of need, socio-economic impact, environmental impact, compa-
tability with regional water resources plans, and costs based on
relative order of magnitude,

WATER DEFICITS

Several steps are necessary in determining the water

deficits of an urban metropolitan area after its boundaries are
determined and its characteristics have been described. First,
determine its present and projected future population; second,
determine its present and projected watler demands, both for
publicly supplied municipal and industrial {M & I) and privately
supplied industrial (PI) water; third, determine the present
supply capacity (to include construction underway); and fourth,
determine the water deficit of the UMA by obtaining the difference
between projected demands and present capacity.

POPULATION PROJEC TIONS

Past and present populations of each UMA were obtained

by disaggregation of census data, including 1970.

Projections of populations for this study are primarily

based on the findings and projections contained in Appendix B,
NAR Study (Economic Base), Part I of which was prepared by
the Office of Business Economics (OBE) of the U.S. Department
of Commerce for use in water and related land resource develop-
ment planning. The OBE population projection, as with other
economic divisions in the OBE Study, was designed to ""provide
a large, but not complete, segment of the data needed. " Its
national projection of the overall economic picture was dis~
aggregated to economic areas and further to local areas and
then reassembled into water resource planning areas. In addi-
tion, the Corps of Engineers provided projections, also based on
the OBE data, for each SMSA.
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In order to satisfy the need for population projection data
of this long-range study, as it is related to water resource
planning, but on the scale of the assessed metropolitan areas
here, some modifications were necessary of the affected over-
all national economy OBE data. The main source of information
for the purpose of the necessary modification was the 1970
census, The census data were used to modify SMSA projections
because the SMSA represented a more suitable scale for this
study.

Census data for various components of each UMA defined
were aggregated for 1970 and the previous decades. A ratio of
populations for 1970 between each UMA and its corresponding
SMSA was used in projecting the 1980, 2000, and 2020 populations.

Results of these projections are summarized in Table 2

Differences may be noted when comparing these projections
with those done by others, The important aspect, however, is
that populations of the 26 UMA's have been projected by a uniform
methodology related directly to the United States, the NAR Water
Resources Study Area, and components of the latter area. Thus,

a balanced interrelation is maintained among all of the UMA's.
These projections serve as the population base for all other pro-
jections in this study.

PUBLICLY SUPPLIED WATER DEMAND PROJEC TIONS

Five techniques for projecting publicly supplied water
demands were reviewed intensively for use in this study

American Water Works Association {AWWA)
NAR Regression Equation (NARRE)

Charles A. McGuire & Associates (CAM)
James S. Minges & Associates {JSM)
Susquehanna River Basin Study (SRBS)

Ul W N =

In order to forecast future water demands, all of these
techniques need the following basic data: population served by
public supply -- base year, 1980, 2000, and 2020, and total
M & I water supplied in the base year. In addition, the NARRE
method also requires per capita income -- base year, 1980,
2000, and 2020.
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DAILY PERCAPITA CONSUMPTION (GCD)

Figure 2 shows the variations in projections of average per
capita M & I water demands among the five technigues reviewed
for the same UMA.
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The NARRE method was selected for use in this study be-
cause it best relates to the population data available with reasonable
results - neither extremely high or low when compared with the
other techniques reviewed. The technique is developed on OBE
based population and personal income data,
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Total personal income data for each SMSA was provided
by the Corps of Engineers derived from OBE data. These data
were divided by the OBE - based population values to obtain per
capita income, Table llprovides the results at the SMSA level
for the original 32 SMSA's considered in this long-range study.
Because a large portion of the SMSA populations reside within
the boundaries of the UMA's, the SMSA per capita income also
is assumed representative of the UMA., The base year per
capita income was derived by interpolation for each SMSA.

The NAR Regression Equation provided by the Corps of
Engineers is of the form-

a b
(Yp, 1)

where:

Cy, i = Total publicly supplied water demand for
area n, year i

Ap = Constant for area n, calculated from existing
data

Pn,i = Population served in area n, year i

Yn,i = Per capita income for area n, year i

a = 0,825, exponential developed from
Connecticut data
B = 0.308, exponetial developed from

Connecticut data

a and B are coefficients developed from Connecticut data
and are considered applicable to the entire NEWS region by the
Corps of Engineers. Ap is an areal constant obtained from
present data (1965 assumed as base year) from the equation:

Ch, 1963
A, =

(P, 1965)2 (Y, 1965)7

Knowing An, one can then solve for the values Cn, 1980;
Ch, 20005 and Cy, 2020 using projected values of Pp,jand Yp, i
for i = 1980, 2000, and 2020,
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TABLE 11

PER CAPITA INCOME 1/

SMSA

Bangor, Me,
Lewiston~Auburn, Me.
Portland, Me.

Manchester, N.H.

Nashua, N,.H.

Burlington, Vt.

Pittsfield, Mass,

New London-Groton-Norwich
Hartford, Conn,

New Britain, Conn.

Bristol, Conn.
Albany-Schenectady-Troy
Utica-Rome, N, Y.
Syracuse, N.Y,

Rochester, N.Y.
Binghamton, N.Y,-Pa.
Elmira, N.Y.

Scranton, Pa.
Wilkes-Barre-Hazelton, Pa.
Williamsport

Altoona, Pa.
Allentown-Bethlehem~FEaston
Reading, Pa,.

Philadelphia, Pa.-N.J.
Wilmington, Del.-Md. -N, J.
Trenton, N.J,

Atlantic City, N, J.
Vineland, N.J,

Lynchburg, Va,

Richmond, Va.

Newport News-Hampton, Va,
Norfolk-Portsmouth, Va.

National Average

1/ Based on the [958 dollar.

SMSA's

1543, 70
1923. 10
2117. 10
2323, 00
2323.00
1946. 20
2279. 00
2460. 80
2770. 80
2770, 80
2770.80
2267. 60
2107, 00
2167. 80
2613.90
2125.50
2125.50
1791. 00
1717.50
1741, 30
1798, 90
2231, 20
2200, 40
2476.60
2786, 40
2623, 80
1951, 50
2207. 60
1716. 30
2368.70
2039. 10
1868. 60

2160.60

Source: OBE.
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3054.70
3626. 50

© 3621.20

4110, 30
4110.30
3314. 50
4536, 90
4543. 80
4504.70
4504.70
4504, 70
4111,90
3961, 40
3962, 10
4240. 10
3823, 80
3823. 80
3619, 60
3620, 10
3297, 80
3620.10
4029, 60
4028, 70
4387.60
4389.70
4386,60
4380, 40
4393, 80
3279. 00
3757.20
3940.70
3941, 80

4112.00

5396, 20
6330, 80
6329, 30
7160.50
7160, 50
5849, 00
7608, 00
7612, 30
7617. 40
7617, 40
7617, 40
7160, 80
6921, 60
6920.90
7158, 20
6802, 50
6802.50
6418, 80
6421.40
6222,70
6414, 60
7160. 80
7157.20
7411.20
7410.90
7403.60
7397,60
7562, 20
5864,60
6558. 50
7024, 80
7023, 50

7162.00

2020

9759. 90
11655, 20
11660.50
12410.10
12410, 10
10535, 80
13038, 40
13042,.70
13200, 30
13200, 30
13200. 30
12410, 40
12183,90
12184, 80
12595, 20
12037.90
12037, 50
11542, 40
11536, 80
11695,70
11535, 30
12408, 80
12415, 00
12776. 50
12775, 10
12759, &0
12749. 30
12803. 10
10538, 60
11401, 26
12432, 40
12436. 00

12411, 00



Application of the NAR Regression Equation to each UMA
resulted in projections of publicly supplied water {combined
domestic and publicly supplied industrial water) for 1980, 2000,
and 2020, Further refinement of these projections is deferred
here until the total industrial water demand methodology has
been presented.

INDUSTRIAL WATER DEMAND PROJEC TIONS

Historically, water for industrial purposes has been
supplied from both publicly and privately owned sources, Until
1954, little data had been collected on industrial water usage,.
Since then, the U.S, Bureau of Census has made periodic
surveys and published the results for 1954, 1958, 1963, and
1967 (only a small portion of the latter had been released by
April 1971). Because of the statutory requirement to maintain
a confidential relationship with the industrial constituents of
the Census, the published data lack sufficient detail to pinpoint
precisely many areas and their associated quantities of water
used. However, methodologies have been developed for esti-
mating present and future use of water by industry.

The NAR Regression Equation provides one means of
projecting municipal and industrial water, though it does con-
tain an implied assumption that the future will follow the his-
torical trend of water supplied to industry, Considering only
the geographic extent of metropolitan areas, the opportunities,
in general, for future development of water sources therein by
private industry will rapidly diminish. The expansion of urban
metropolitan areas will reduce the number of potential well sites
within the UMA's. Nearby surface water bodies will become
recreational facilities, if not already appropriated for local
domestic water supply. But industry, located in proximity to
its work force, can usually vbtain suitable water from public
supplies, providing that the planners have properly considered
this important need., Therefore, finding a method to project
future industrial demands based on the growth trends of in~
dustry seemed most appropriate,

The NEWS Group, Corps of Engineers developed a
methodeology for determining total industrial water demands
(NEWS methodology). It was first presented by Robert H.
Stewart of Hazen and Sawyer in a paper entitléd "Industrial
Water Forecasts' at the AWWA Annual Conference in Washing-
ton, D.C., on June 23, 1970. This methodology was adopted
for use in this study.
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Determination of Projection Factors

To facilitate an understanding of this NEWS methodology
in arriving at the total industrial water use in each UMA, the
Projection Factor, "F'", and its related economic and water
characleristic factors are summarized as follows:

F:EXO
RxT

Basic Equation:

where:-
F = The ratio of future to present industrial water needs

E = The employment factor; a ratio of future employees
to employees in the base year

O = The output per employee factor; a ratio of future
to base outputs per employee

R = The recirculation factor (See Table 12)
T = The technological improvement factor (See Table 12)

The numerator of this equation is primarily based on econ-
omic parameters of a geographic area, while the denominator ac-
counts for technological improvements in industrial water using
processes,

The ratios of E and O were determined for each major
water using industry by use of projected values contained in
Appendix B, NAR Study. These NAR values reflect estimated
industrial growth trends and consist of two major parts an
historical and current picture of the economy for each OBE area;
and a projection of these economic pictures to the benchmark
years of 1980, 2000, and 2020. (The areal units of the NAR Study,
however, are considerably larger than the UMA's.)

The parameters of R and T were determined on a straight
line relationship for each major water using industry based on a
value of 1.0 for 1970 and values derived from information provided
by the Corps of Engineers for the year 2020, These values for
any given year were considered uniform for the entire NEWS
study area and are shown in Table 12,

38



TABLE 12
RECIRCULATION (R) AND TECHNOLOGICAL

IMPROVEMENT (T) FACTORS

1980 2000 2020

Industrial

Group R T R_ _T R _T.
Food 1.2 1.1 1.5 1,2 1.9 1.3
Textiles 1.2 1.1 1.7 1.2 2.1 1.3
Chemicals 1.5 1.2 2.5 1.4 3.5 1.7
Paper 1.2 1.1 1.7 1.2 2.1 1.4
Petroleum 1.5 1.2 2.5 1.4 3.5 1.7
Primary Metals 1,2 1.1 1.7 1.2 ¢ 2.1 1.3

The use of the NEWS methodology, which reflects tech-
nological improvements in industrial water use, and the use
of NAR estimates of future economic development in each
industry provide the "F'' factor for projecting water use re-
quirements. Table 13 shows the "F' factors used in this study.

Determination of Present Water Use

To apply these "F'" factors in projecting total industrial
water demands, some measure of present industrial activity
related to present water use was necessary, Present indus-
trial outputs were determined using the same method and two
sources. The first source was based on values of industrial
outputs as given in Appendix B, NAR Study and the other based
on actual values of output (Value Added (V. A.) Dollars) as
given in the "1963 Census of Manufacturing' and '"1967 Census
of Manufacturing' published by the U.S. Bureau of the Census.
Use of NAR data yields values only for each of six major water
using industries {food, textiles, etc.) with respect to a given
OBE area. (See Figure 3.,) The Census data, on the other
hand, accounts for all the major industries present in an area.
The latter also accounts for the minor water using industries,
which in some UMA's are a significant part of the total industrial
water use. When considering a small area, however, census
regulations, prohibiting disclosure of confidential company data,
limit the completeness of reported information. Therefore,
for this study, estimates of present water use were averaged
using the results of both of these sources.
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TABLE 13

SUMMARY

"F'" FACTORS FOR INDUSTRIAL WATER PROJEC TIONS

{OBE}

Area Food
Bangor 1 07
Portland-Lewiston 1 10
Manchester -Nashua 1 08
Burlington r 03
Pittsfield I 03
New London-Hartford I 03
Albany-Schenectady~ Troy 1 03
Utica-Rome -Syracuse 98
Rochester 98

Binghamton-Elmira
Scranton-Wilkes-Hazel
Altoona -Wiltiamaport
Reading-Allentown-Easton
Philadelphia

e Y S S
=
-

Trenton-Atlantic City 04
Wilmington 04
Richmond 06
Lynchburg 17
Newport News -Norfalk
Portsmouth i o8

(OBE)

Area Food
Bangor 1 41
Pertland-lewiston 1 48
Manchester -Nashua 1 44
Burlington 1 22
Pittsfield I 28
New Leondon-Hartford L 30
Albany-Scheectady-Troy 1 28
Utica-Rome-Syracuse 1,17
Rochester 1 10
Binghamton-Elmira 1 29
Scranton-Wilkes-Hazel 1 46
Altoona-Wiltiamsport 153
Reading-Allentown=Easton 1 15
Philadelphia 1 26
Trenton-Atlantic City 1 26
Wilmington 1 26
Richmond 1 34
Lynchburg 1 69
Newport News-Norfolk

Portamouth 1 42

(OBE)

Area Food
Bangor 187
Portland-Lewiston 1 94
Manchester-Nasghua Z 00
Burlington 1 44
Pittsfield 161
New London-Hartford 171
Albany-Schenectady-Troy 1 61
Utica-Reme-Syracuse 1 50
Rochester 130
Binghamton-Elmira 1 64
Scranton-Wilkea-Hazel 192
Altoona -Williamsport 2 01
Reading-Allentown-Eaaton 1 40
Philadelphia 158
Trenten-Atlantic City 1 58
Wilmington 1 88
Richmond 170
Lynchbarg Z 33
Newport News-Norfolk

Portamouth 1 89

(1} Since only output values weré liated, the above values were interpolated

INDUSTRIAL CATEGORICAL GROUP

1980
Primary
Textile Chemical Paper Petrol. Metals Other
125 94 112 - -
98 116 97 - 1 48 12
98 1 28 97 - 1 06 N
92 115 i3 - 1 04 "
95 95 90 - 1 07 "
88 102 L1l k4 .13 "
95 95 90 1021} 107 "
90 1 90 95 1 02{n 80 i
1 01 948 1 09 - 98 o
9% 99 ;2] - a7 "
93 121 96 - 86 "
101 123 96 - 1 0% "
87 108 1 04 1 02 (1 98 "
85 110 111 1 0z 1 0z "
85 110 111 102 | 174 "
85 110 111 102 10z "
111 1 02 121 1 o2 () 1 08 "
116 96 92 - 1 22 "
- I 06 121 1 06 96 "
2000
Primary
Textile Chemical Paper Petrol. Metals Other
1 56 139 1 47 - - 15
1 00 2 20 1 04 - 1 82 "
i 04 2 39 1 01 - 132 "
96 2 50 1 27 - 1 34 "
90 1 &0 78 - | 4 | "
76 1 89 1 36 1 27 67 "
90 1 61 78 1 40 (1) 1 2t "
87 1 6% 1 60 1 40( 106 "
1 14 1 467 1 34 - 1 02 "
85 167 70 - 73 "
81 2 46 88 - 72 "
103 2 52 94 - 128 "
80 2 06 115 I 45 {1} 99 "
79 z2 12 1 38 1 45 111 "
79 z 1z 1 38 1 45 111 "
79 2z 12 1 3% 1 45 11 "
1 42 1 81 I &9 1 45 (1} 1 27 "
152 I 66 93 - 1 74 "
- 1 89 1 86 1 52 121 "
2020
Primary
Textile Chemical Paper Petrol. Metals Other
2 32 2 96 2 00 - -
1,14 3 89 121 - 2 46
127 3 85 107 - 1 88
I 09 3 86 1 52 - 1790
97 2 35 83 - 164
82 2 95 1 80 2 02 75
97 2 35 43 2 05 (1) 1 64
o3 2 36 1 12 2051 86
P 57 Z 38 i71 - 126
b 04 2 39 62 - 79
36 3171 a5 - 7
L 25 4 25 1 01 - 175
, 85 3 21 1 39 2 06 (1) 121
g4 3 27 1 81 2 06 1 44
84 327 1 81 2 06 1 44
84 327 1 81 2 06 1 44
1 96 215 z 41 2 06 (1) 1 67
2 18 2 50 09 - 2 69
272 272 2 83 2 13 1 46
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Bangor, He.
Portland, Me.
Burlinpton, Vt,
Boston, Mass.
Springfield-Hartford, Conn.
Albany, N, Y.

Plattsburgh, N, Y.
Syracuse-Utica, N. Y.
Rochester, N. Y.

Buffalo, N. Y.

Erie, Pa.

Williamsport, Pa.

Binghamton, N. Y.

New York, N, Y.
Scranton-Wilkes-Barre, Pa.
Philadelphia-~Trenton=Wilmington
Rarrisburg=-York=-Lancaster, Pa,
Washington-Baltimore
Staunton-Winchester, Va.
Roanoke-Lynchburg, Va,
Richmond, Va. :
Horfolk, Va.

OBE ECONOMIC AREAS

DELINEATED BY THE REGIONAL ECONOMICS DIVISION

OFFICE OF BUSINESS ECONOMICS
U8 DEPARTMENT OF COMMERCE

SCALE IN MILES
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ALBERS EQUAL - AREA PROJECTION

FIGURE 3



The method uses as a measure of industrial activity
the "dollar of value added by the manufacturer" which as
stated by the Census, '...lis considered to be the best measure
now available for comparing the relative economic importance
among industries and geographic areas, "

Using the NAR figures of employment and output,
V.A. Dollars
Employee
industry (food, textiles, etc.) within a given OBE area., These
measures of manufacturing were then disaggregated to the
county and/or SMSA which contains the UMA., At this level
(county or SMSA), limited available actual census data denies
the possibility of gaining an exact measure of output. These
census data, however, yield values of output more closely re-
lated to the UMA for comparison with the values disaggregated
from the larger OBE area upon which the "F' factors were
based. Similar disaggregation was required in the original
preparation of the NAR report where it was necessary to break
areas into parts which could be reassembled into the hydrol-
ogic planning areas. This was done by a percent-share method.
Similarly, a percent-share method was also used in this study
to determine county and SMSA industrial activity.

yields a measure of manufacturing for a certain

To convert these outputs (V. A, Dollars) to water re-
quirements, some measure of water use was needed, Values
of water use are categorically listed according to the overall
U.S., state and water use region in the U,S. Census of Manu-
facturing, 1963", Mid 1960's water use in billion gallons per
V.A, Dollars were obtained from this listing and then related
to the comparable industrial outputs, yielding base year water
use for projections to the target years by applying the dimen-
sionless "F'" factors. Adjustments were made either upward
or downward in a few UMA's of the projections of total industrial
water demands where available information supported such
changes. The total industrial water demands for each UMA
are given in Table 6, p. 15.

In summary, the procedures outlined for determination
of future industrial water demands basically evolve from the
'"dollar of value added by manufacturers' which presently is
considered the most indicative measure of industrial activity
for any geographic area. The areal limits of the UMA were
determined from population and land use projections, which are
also indicators of industrial activity. Iowever, when considering
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an area such as the UMA, either population or land use per se
could in fact "miss' an industrial area such as peripheral
industrial parks. For each UMA, population and the value
added dollar are interrelated, yet when considering total
water needs, they can also serve as independent parameters
upon which to base different water demands.

DERIVING M & I WATER DEMANDS

The two methodologies described in the foregoing
sections provide means of projecting water demands indepen-
dently of each other. However, the results of each contain an
overlap, namely, the projection of publicly supplied industrial
water. To reach the objectives of this study, it is essentijal
that one must determine the future demands for domestic and
publicly supplied industrial water, commonly referreéd to as
M & I (municipal and industrial) water demands. Because
the water resources available in each area differ, the amount
of M & I water required becomes the key to determining the
amount of source development and pumping, treatment, and
transmission capacity required.

In this study, one of the following three assumptions
was applied in each UMA to determine the M & I water demands:

. If the yield of sources of fresh water supply
available to industry for the future is practi-
cally unlimited, and there is no additional
information to the contrary, the water demand
as projected using the NARRE method was
used without modification, as the M & I
water demand.

. If the yield of sources of fresh water available
to industry for the future is very limited, and
there is no additional information to the con-
trary, the publicly supplied industrial water
was determined by assuming that all new
demands over present self-supplied industrial
capacity would be obtained from public supply.

. If the yield of sources of fresh water lies be-
tween the above extremes, and there is no
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additional information to the contrary,
a value for the publicly supplied industrial
water was selected that seemed reasonable.

Nearly all planning documents reflect the present amount
of publicly supplied industrial water. The difference between
the publicly supplied industrial and total publicly supplied water
is the domestic supply. Likewise, the difference between
publicly supplied industrial and total industrial water demand
is the self-supplied component,

In evaluating the publicly supplied industrial water,
such additional information as could be found in the literature
or as had been received through other communications was
considered in arriving at the reasonableness of these projected
demands.

Multiplication of the ratio of publicly supplied industrial
water to the total publicly supplied water use in the base year
by the projected water demand, obtained from the NAR Re-
gression Equation, in each benchmark year yields a product -
assumed to be the future publicly supplied industrial water in
the same proportions as the base year. This product also
reflects the historical trend up to the base year. The difference
between the total demand obtained from the NAR Regression
Equation and this future publicly supplied industrial water is
assumed to be the domestic component. This procedure was
used to obtain the domestic component of M & I water in all
UMA's,

Using a similar ratio of publicly supplied industrial
water to the total industrial water in the base year and multi-
plying by the projected total industrial water demand, obtained
from the NEWS methodology, in each benchmark year yields a
product. This product might also be assumed to be the publicly
supplied industrial water and if it is subtracted from the total
industrial water demand, difference would represent the self
supplied component,

Both of these ratios and products were used in seeking

reasonable results for publicly supplied industrial water demands
for UMA's for which the third assumption was found applicable.
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Using the following fictitious information and applying
the ratios discussed above, the results are shown in Figure 4
to illustrate the three assumptions to derive the M & I water

demands.
Base Assumption 1l Assumption 2 Assumption 3
Water Item Year 2020 2020 2020
Domestic ' 80 120 120 120
Publicly Supplied Industrial 20 30 70 50
Municipal & Industrial 100 150 190 170
Publicly Supplied Industrial 20 30 70 50
Self-Supplied Industrial 100 140 100 120
Total Industrial 120 170 170 170
ILLUSTRATIVE M&] WATER DEMANDS
300

<M8:l2
3
1

WATER DEMANDS IN MGD

TIME IN YEARS
FIGURE 4
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SUPPLY CAPABILITIES

Capabilities of water supply for each UMA were
analyzed to determine how well present development of re-
sources could meet future demands. The procedure of analysis
for this preliminary study was simplified by assuming that all
resources and facilities are available collectively to meet the
demands of the future, The results reveal the base minimum
development required. If it were possible to establish a single
management agency in each UMA and place all of the resources
and facilities -- sources, reservoirs, wells, pumping and
treatment plants, and transmission mains -~ under its control,
these requirements would then be truly representative, Some
exceptions might require larger developments such as topo-
graphic and geographic barriers, installed facilities that
would defy hydraulic modification, and insufficient, unavailable,
or unsuitable quality sources. Realistically, however, few
UMA's have a single management at present, In fact, pro-
liferation of water utilities in most of the UMA's is a strong
argument against the use of this simplification, It has been
used, nevertheless, to illustrate the need to rectify or at
least regress the trends that lead to the situation faced in the
1960's drought.

Depending upon its size, present capabilities might
include all developed utilities in others only the major utilities
{those supplying at least 1 mgd except in the Philadelphia-
Trenton-Wilmington UMA where 5 mgd was used) were added
together. However, each UMA was considered separately
and the results are presented in Volume IL

Sources of water supply include surface and ground
water. The safe yield of each source presently developed
was sought or estimated wherever possible and presented
both in tabular form and on a graphic in the appropriate
chapter in Volume II. Likewise, the treatment plant and
transmission capacities were sought and tabulated.

Based on the ]Jimiting factor of source, treatment, or
transmission, the present system capacity was determined.
Because of the relative ease of increasing the capacity of
treatment plants and pumping and transmission capacity,
recent additions may have already increased the stated
capacities. However, as of the date of preparation of this
study, it represents the best relative capability to compare
against the water supply demands.
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ANALYSIS OF WATER AVAILABILITY

THE SHORTAGE INDEX METHODOLOGY

Numerous methodologies have been proposed, developed,
and implemented during the last several years for generating
synthetic hydrologic data from available historic data. With
these techniques, it has been possible either to reconstitute
from the actual flows, recorded at a gaging station, the natural
streamflows which would have been observed in the absence of
upstream regulation; or to extend the flow records of streams
with a relatively short duration, so that the number of years of
record at all stations within a river basin or sub-basin would be
the same.

Because these methodologies and techniques are covered
quite extensively in literature pertaining to the field of hydrology,
no detailed description of these methods will be presented in this
section., These techniques, however, are the foundation upon
which the Shortage Index and its applications are based., The
Shortage Index serves as a parameter for comparing and/or
establishing the yield-storage relationship for major reservoirs,
either in existence or proposed.

Appendix C, Climate, Meteorology and Hydrology, NAR
Study, describes the Shortage Index methodology and presents
a series of five tables, one for each of the subregions of the
Northeastern United States, The tables were used to calculate
or confirm storage requirements and availability for the UMA's,
whenever applicable. No finite determination of the yield/storage
relationship was made; rather, the shortage index was utilized
as one method of evaluating and comparing data given in planning
documents, It was also used to estimate the yield/storage of a
specific site where no data were available. By comparing known
values of one stream (drainage area, average flow, etc.), the
flows at an ungaged site with similar characteristics (size, topo-
graphy, geographic proximity, etc.), can be estimated with
confidence by using the Shortage Index Methodology.

OTHER METHODOLOGIES

Although the Shortage Index Methodology was found useful,
in many instances more standard methods were used to confirm
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or calculate storage requirements. These methods included
the use of the New England Water Works Association curves,
Rippl diagrams (mass curves), and the Hazen storage method-
ology as found in Abbetts American Civil Engineering Practice,
Volume II. In general, these standard methods were used when
the drainage area under consideration was less than about 100

square miles.,

BASIS OF COST ESTIMATES

The majority of the many plans reviewed contain a wide
range of projects with applicable cost estimates and data. This
section was prepared, and used where it seemed appropriate,
to explain the basis of the methodology for those order of mag-
nitude costs for construction not included as part of the plans
mentioned above. It is to be stressed that in keeping with the
intent of this report, all costs are preliminary and should not be
construed as the results of detailed analyses, No attempt was
made to determine annual costs for any alternative, which might
have permitted comparing alternative projects on the basis of
cost. Such costs may well be considered, however, as an integral
part of any continued (perhaps feasibility scope level) investigation,

The construction cost of a project was obtained after
separating the project into its major components: storage reser=-
voir, pumping, transmission, and treatment; and costing these
components by using the generalized table and cost curves pre-
sented in this section. In some cases, only the component
conslruction cost is cited.

COST OF RESERVOIRS

The cost of reservoirs, in dollars per acre-foot of storage,
was updated to reflect 1970 costs from the original 1960 estimates
prepared by the U.S, Army Corps of Engineers and recorded in
Todd's The Water Encyclopedia, Table 14 lists the physiographic
regions within the NEWS Study Area for reservoir costing purposes
and shows the reservoir cost estimates for each physiographic
region by size class, (See Figure 5 for physiographic regions;
UMA Chapter Number refers to Volume II, Area Reports. )
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TABLE 14
COST OF RESERVOIRS WITHIN PHYSIOGRAPHIC AREAS THROUGHOUT THE NEWS STUDY AREA
Values Are In Dollars Of Reservoir Storage Per Acre-Foot

UMAT's Included

Physio-
graphic Chapter
Region _ No, Name 10 30 50 50 150 300 790 1,500 3,000 7,000 30,00C
8 New London-Groton-~
Norwich
9 Hartford
11 Utica~Rome
1 12 Syracuse $367  $293  S$206 $242  H2F1 $ib4 $156 $138  $1LB 5101 $74
14 Binghamton
15 Elmira
16 Scranton-Wilkes-Barre
17 Williamaport
18 Altoona

L ewiston=Auburn®

3
I 4 Porilandg#® 291 219 192 170 143 119 95 kxi 64 51 33
5 Manchester=-Nashua

T Pittsfield
i Albany-Schenectady-
m Troy 266 195 165 147 120 101 79 63 52 39 26
i9 Allentown-Bethlehem~
Easten
20 Reading
2 Bangor
13 Rochester
21 Philadelphia-Trenton-
Wilmington
Iv 22 Atlantic City* 219 157 133 133 91 73 55 44 33 26 1§13
23 Vineland*
24 Lynchburg
25 Richmond
26 Newport Newa
27 Norfolk
v 6 Burlington 173 i19 101 84 69 55 40 33 27 14 15

#Areas in which major storage veservoire cannot be
constructed or are nat likely to be needed.
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Physiographic Regions of the NEWS Study Area

Areas in which major storage reservoirs
cannot be constructed orare not likely
to be needed

FIGURE O

Source: Corps of Engineers, U S Army, 1960
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COST OF WATER TREATMENT PLANTS

Conventional treatment facilities for surface water
supplies are assumed to include coagulation and settling basins,
dual media filters, chlorination equipment, and all related
chemical feed equipment. Figure 6 shows the cost in millions
of dollars versus the size of the treatment plant in millions of
gallons per day.

PUMPING STATION COSTS

Pumping station cost estimates include the stations along
the major transmission mains and at the treatment plant. Figure 7
shows graphically the cost per installed horsepower (dollars)
against the required horsepower.

PIPELINE COSTS

Cost per linear mile for pipes ranging in size from 24"
to 120" are shown graphically on Figure 8 for prestressed
concrete cylindrical pipe for pressure ranges of 50 p,s.i. to
300 p.s.i. Generally, 100 p.s.i. or 200 p.s.i. pipe was used
for cost estimating. :

TUNNELING COSTS

Estimated costs for tunnels were based on tunnel con-
struction using a dry heading with rib supports and reinforced-
concrete liner, Costs per linear mile for tunnels ranging in
diameter from 8 to 20 feet are shown on Figure 7.

CONSTRUCTION COST INDEX

The Construction Cost Index for the 20 U.S5. Cities Average
of approximately 1500, as published by Engineering News Record,
in 1970,was used as the base for all construction costs that were
estimated in this report. The curves presented do not include
an allowance for engineering and contingencies which might range
from 25 to 35 percent of the estimated project costs.
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TOTAL COST - MILLIONS OF DOLLARS
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CHAPTER 5. ALTERNATIVE TECHNOLOGIES

WASTEWATER RECLAMATION AND REUSE

During the last several years there have been many
discussions, amendments, bills, laws, programs and studies
focused on the problems confronting the environment, and on
what man can and must do to maximize the utilization of his
resources. One resource that has received a great deal of
attention is water -- especially its reclamation and reuse.

Water reclamation is the processing of wastewater for
use in purposes ordinarily requiring water that is substantially
free of pollutants. Water reuse is the utilization of reclaimed
water for a variety of applications in agriculture, industry,
and municipal water supply.

The public's esthetic barriers against and misconcep-
tions of reclamation and reuse have delayed their:acceptance,
Gradually, however, anxieties are being dispelled as more in-
formation is made available. The public's hesitance to accept
water disinfected by chlorination because of lack of knowledge
is a situation analogous to that of wastewater reclamation and
reuse,

Reuse as a practical method is already in operation,
A survey of 155 cities showed that, during the minimum flow
months of 1961, upstream municipal wastewater varied from
a trace to as much as 18 percent. The upper limits are
probably well above this by now. Furthermore, despite
aesthetic rejection of water reuse for potable purposes, the
public accepts without question the reuse of water in swim-
ming pools,

The final answer is inevitable. There simply is not
enough pristine water in this nation, even if the total could be
distributed, to meet the requirements of drinking water.
Practically all potable water has, at one time or another,
been tainted by pollution,

Municipal wastewaters can be renovated at reasonable

prices. As water-pollution laws become more stringent, re-
quiring a greater degree of wastewater purification, the
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incremental cost of renovated wastewater as a source of water
becomes less., Even where potable supply is the goal, inves-
tigations based on existing processes and equipment indicate

a cost of 40 te 50 cents per 1,000 gallons (taking total cost
less primary and secondary sewage-treatment costs).

Water reuse may be effected by any one or more of
four basis cycles: hydrologic, natural, indirect, and direct.
Definitions of each of these cycles follow,

The hydrologic cycle may be defined as the unending
cycle, whereby water is precipitated from the atmosphere,
evaporated from the surface or runs off the earth as surface
water. It then either evaporates from the oceans, lakes,
and rivers into the atmosphere, or percolates into the ground,
is used by vegetation from whence it transpires into the air
or returns again as seepage to the stream or ocean and
eventually evaporates.

The natural cycle may be defined as the self-purification
of flowing water, and sequential use of water by communities
located one below another in the direction of flow. The natural
cycle has existed since the introduction of water carriage sys-
tem for waste disposal. Many classic examples of the natural
cycle of water reuse can be found in the great river systems
of the world.

The indirect cycle may be defined as the return of
water used one or more times (wastewater) to the hydrologic
and natural water cycles for reuse. In the past, the indirect
water reuse cycle could be characterized as planned use of
wastewater that had been treated specifically for the purpose
of returning it to the natural water reuse cycle. Ia the light
of recent developments, however, this characterization must
be expanded to include the use of wastewater that has been
treated specifically for the purpose of returning it to the
hydrologic cycle. An example of the latter indirect cycle of
water reuse involves groundwater recharge by both surface
spreading and direct injection of treated wastewater.

The direct cycle may be defined as the planned treat-
ment of wastewater so that the treated wastewater may
subsequently be used for specific purposes. The number of
applications of direct reuse is quite large and involves six
categories: agriculture and food production, industrial uses,
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swimming pools, natural recreation areas, space vehicles,
and municipal water supply,

Any one or combination of these four cycles is or can
be implemented through natural or through man-made pro-
cesses. The man-made processes are categorized as con-
ventional or advanced. Conventional treatment is patterned
on natural processes and carried out in specially designed
tanks and reactors. Advanced treatment processes have
been developed to provide a higher degree of treatment by
utilizing both chemical and physical aids in speeding up and
achieving greater purification. Table 15 summarizes the
classification of wastewater reclamation.

TABLE 15

CLASSIFICATION OF WASTEWATER RECLAMATION PROCESSES

Substances
Classification Process Removed
Biological Conventional secondary treat- Suspended solids,
ment (trickling filter and ac- soluble organic
tivated sludge) matter, and
bacteria.
Anaerobic denitrification Nitrate nitrogen
Algae harvesting Nitrate nitrogen

- and phosphorus

Chemical Ammonia stripping Ammonia nitrogen
Jon exchange Nitrates and phos-
phates
Electrodialysis Salts
Chemical precipitation Suspended solids

and phosphates

Physical Activated carbon absorption Organic compounds
Sedimentation Suspended solids
Filtration Suspended solids
Reverse osmosis Salts
Distillation Salts
Foam separation Detergents
Land application All pollutants
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No attempt has been made here to present more than
a brief critique on wastewater reclamation and reuse. The
discussion included in this chapter should be a reminder that
such a practical opportunity exists, Application to any specific
area depends upon the social and economic impacts evaluated
with other opportunities available that will promote wise use of
water resources,

DESALTING

This section includes a brief description of existing
methods and applications of the practice of "'desalting. "
Presently, more than 300 mgd of desalting capacity is installed
world-wide. Plants are generally located in arid regions where
conventional water sources are high cost or unavailable. Prin-
cipal areas of use are in the Mid-East and Caribbean tourist
islands. In the United States, desalting for municipal water
supply has thus far been limited to smaller communities, rela-
tively isolated from sources of conventional supply.

The largest municipal desalting plant in the Unites States
is a 2, 6 mgd distillation process in Key West, Florida. Largest
in the world is a French-built, 30 mgd distillation plant, recently
completed in Kuwait,

The Saline Act of 1952 directed that a program of research
and development be undertaken to explore large-~scale, low-cost
methods of desalting as a '""means of producing from sea water,
or from other saline waters, water of a quality suitable for agri-
culture, industrial, municipal, and other beneficial consumptive
uses,'" The Office of Saline Water in the Department of the
Interior has been directing the R&D program meant to achieve
the goals directed by Congress,

Selecting a Process

Today, several desalting processes are commercially
available to desalt feedwaters with salt concentrations ranging
from a few hundred parts per million (ppm} to that of sea water,
approximately 35, 000 ppm, and even higher. State-of-the-art
processes are many and varied, However, for purposes of this
discussion, process descriptions will be limited to those con-
sidered, so to speak, as ''worth their salt. "
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Many factors associated with a particular desalting
application must be considered during selection of a suitable
desalting process or processes, Those factors worthy of con-
sideration in choosing a method include:

o Salt concentration and composition of the feedwater,

o Temperature of the feedwater,

o Desired product water quality.

o Awvailability of heat and energy.

o Dependability of the feedwater source.

o Waste brine disposal,

o Site location.

o Environmental factors.

Current Methods. The most commonly used processes
come under the general category of distillation, or heating
feedwater and condensing freshwater. The specific variation
currently used to produce up to 30 mgd from any one plant em-
ploys multi-stage flash chambers: feedwater enters progressive-
ly lower-pressured chambers with some water boiling instantly

(flashing) at each stage of the operation, After condensation,
the steam becomes the product water.

For requirements of 20, 000 gpd to 1 mgd, vapor com-
pression is a well-established method. To accomplish this pro-
cess, steam is pressurized and heated with a mechanical com-
pressor, then condensed on the outside of vertical tubes through
which flows additional feedwater, This boils more brine, and
produces desalted product water. Distillation is the preferred
method when feedwater is seawater or the highly brackish water.
Figure 10 graphically depicts current and projected construction
costs for different sized distillation-type plants.

Another relatively widely used method involves membrane
processes, including electrodialysis and reverse osmosis. Elec-
trodialysis extracts dissolved salts from water, using membranes
permeable to either positively or negatively charged ions., A
"stack'' of selected membranes, subjected to a direct current
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SEAWATER DESALTING

COST FOR RANGE OF PLANT SIZE ASSUMPTIONS
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potential and separated by spacers which allow flow between
membranes, accomplishes purification as feedwater impurities
are stopped by sequential membranes. Reverse osmosis in-
volves a semi-permeable membrane which, when pressures of
200 to 600 pounds per square inch are applied to the feedwater,
passes only freshwater. Membrane processes have so far proven
most economical in converting feedwater with an initial dissolved
solid concentration of less than 5, 000 ppm. This process can
accept feedwater with twice this concentration of solids, though
not without a resulting loss of economy. Membrane plants can
be readily located wherever electric power is available. Figure
11 shows current and projected construction costs for different
sized membrane-type plants.

Two other processes should be mentioned, the vertical
tube evaporation (VTE) and the ion exchange (IX) processes.
Studies of the VTE process, used for desalting seawater, has
indicated substantial savings in energy costs when combined
with the multi-stage flash process, The IX process has great
potential in cases where relatively small amounts of salts have
to be removed and a high purity product is required. Both of
these processes are described in detail in Chapter 4 of the
Desalting Handbook for Planners, Bureau of Reclamation and
Office of Saline Waters, U.S., Department of the Interior, First
Edition - May 1972.

Plants Worldwide. As of January 1, 1970, 712 desalting
plants capable of producing 25, 000 gpd or more were either in
operation or under construction throughout the world. Table 16
gives a breakdown of these plants by size. Interestingly, about
95 percent of these plants use some form of the distillation process.

F4AR) L 16

WORI DWIDW DLESALTING DF VELODATTE N
ARRANGLED BY SL/E OV PLANTS

Sire Range (1009 gd) No, Planis Plant Capacily (ingdd
25 - 99 359 18. 4
100 - 499 263 50 7
500 - 999 32 21. 6
1,000 - 4,999 51 108.7
5,000 - o1 grealer 7 45, 2
Total 712 T 2440 -
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Applications

Some possible future applications of desalting in the
Northeastern United States have been suggested by studies made
for the Office of Saline Water.

Conjunctive Use, A desalting plant may be an attractive
alternative to a 'last added' reservoir in a system when increased
firm yield is desired. The last added reservoir may represent
a marginal investment in terms of dollars per unit yield of water,
i.e., a heavy capital investment weighed against actual use during
the period of hydrologic record on which its operation will be based.
By contrast, a desalting plant represents a comparatively lower
capital investment. Because it trades off capital cost for operating
cost, the latter will be less significant in an economic analysis
since the plant will be operated only during dry cycles. Also,
since the plant will operate at a low plant factor, service life will
increase,

The conjunctive use concept provides the water resource
planner an interesting alternative in economic analysis, A de-
salting plant can be matched to the water demand curve, in
modular fashion, much more closely than a dam and reservoir,
since a dam is most economically constructed in relation to the
site and stream hydrology rather than the demand curve, A de-
salting plant may be more desirable for financial considerations;
i.e., since the desalting plant is less capital-intensive it may
be more feasible for the water-supply agency to obtain financing
or, in times of costly money, the desalting plant may be the
more desirable investment,

Water Quality Enhancement, Desalting processes may
prove to be especially valuable in maintaining low salinity of
surface waters by reducing salt inflows from point sources,
National effluent standards would have the effect of assessing
users not merely for water withdrawn but for any degradation
of water quality that might result from use - they would pay the
cost of bringing effluent to a certain standard. Desalting pro-
cesses might be among those selected for water treatment, es-
pecially for industrial effluents, For example, the reverse
osmosis method, among others, may be used as a means of
partial recovery of valuable industrial by-products as well as
upgrading effluent quality., Ion exchange desalting is being field
tested as a means of reducing the harmful effects of acid mine
drainage waters,
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Long term planning horizons will probably include man-
agement of wastewater for reuse. A desalting step following ad-
vanced wastewater treatment is indicated in many reuse cases,
since conventional treatment processes are generally ineffective
for removing dissolved inorganic salts.

Industrial Use. Purity specifications for industrial waters
vary widely and depend entirely on the intended use. For cooling
water in industrial condensers, highly saline water is often ac-
ceptable. On the other hand, requirements for pure process water
are so stringent in many industries that plants often employ ex-
pensive and complex treatment techniques in addition to obtaining
high quality, natural water.

The most common industrial water quality problems are
*turbidity and hardness, and both are amenable to relatively in-
expensive treatment by conventional methods. However, when
there are limitations on other constituents, a desalting process
including selective ion-exchange processing of part or of all the
water supply may be a desirable and economic solution,

Environmental Considerations

In considering placement for any type of desalting plant,
environmental considerations are as important as any other
factor. Remember - pure water is not the only product, A
plant will produce extremely concentrated brine as an effluent,
plus any waste products from the power source, such as soot,
heat, smoke, toxic gasses, etc. So far as the brine effluent
is concerned, plant placement is somewhat contraindicated
where the outfall cannot mix with waters such as those to be
found on the open coastline. Special design procedures would
be required in the cases of estuaries or areas with restricted
water interchange, as many life forms present might be ad-
versely affected. Inland plant location causes even more prob-
lems, as brine disposal may violate pollution laws. Two methods
of disposal have been studied: (1)} evaporation to dryness, and
(2) deep-well injection. Evaporation is expensive, though this
is highly dependent on land costs, while injection~-method costs
are estimated at 25 to 70 cents per 1,000 gallons of brine.
Other methods are currently under investigation,

Visual impact is another important parameter, as is

consideration of land use. Factors amenable to the situation
of a desalting plant, such as protection by sandy beaches, gently
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sloping terrain, proximity to population zones, etc., are the
same sought by commercial development, and since a desalting
plant is a heavy industrial-type structure, aesthetics may be
cited as a valid argument in cases of less-than-ideal proposed
placement,

Current Evaluation

Fxisting desalting opeérations are characterized by
several constraining features, Among the most important are
high total annual costs, relative to conventional water sources;
the need for proof of large-scale plant operation; and the problem
of brine disposal. In the future, as technology is further developed, -
several of the constraints will be lessened, and desalting may
prove {0 be an attractive supplemeént to water supply in coastal
and estuarine areas of the Northeast United States. Desalting
processes may also serve future use as an aid in control of water
guality.
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CHAPTER 6. FINDINGS AND CONCLUSIONS

A generalized summary of regionalization of water
supply in each of the 26 UMA's is given in Table 17, p. 69,

FINDINGS

Existing Systiems

1. A total of 107 major systems and 377 minor systems
were found in the 26 UMA's; more than 30 percent of these sys-
tems were in the Philadelphia-Trenton-Wilmington UMA.

2. Among these UMA's, 5 have complete, 16 have partial,
and 5 have no inlerconnected systems.

3. Present capacity is limited by source for 11 of the
UMA's; treatment only is the limiting factor for 3 UMA's; a com-
bination of treatment and transmission-pumping is limiting in 8
UMA's; transmission is limiting in 2, and pumping in the remaining
2 UMAs,

4, The time phasing among the 26 UMA's shows that demand
will first exceed capacity as follows:

1960 2000 2020 After 2020

5 15 5 1

5. Assuming that the accuracy of projected water deinands
might deviate by as much as 33 percent, at least 20 UMA's would
still require additional capacity to meet 2020 demands.

6. Two of the five UMA's first showing deficits by 1980
must increase their capacity by about 25 percent to meet their
1980 demands; all five of these UMA's must at least double their
capacities by 2020,

7. Expansion of source is critical for one UMA; in the

other four UMA's showing deficits by 1980, treatment or treat-
ment and transmission are considered critical.
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8. Expansion of source and facilities to meet 2020 de-
mands were found to be necessary among the 26 UMA's as
follows:

Scurce Treatment Transmission-Pumping Storage

19 19 26 13

Regionalization of Water Supply

1. The present extent of regionalization of water supply
among the 26 UMA's reflects that 5 have total regionalization,
4 are in progress toward becoming totally regionalized, 1 has
plans for total regionalization of its water supply, and the re-
maining 16 are partially regionalized. (Based on the definition
of a regional water supply for this UMA Study. )

2. A sitigle collective management for water supply exists
in 4 UMA's, and essentially exists in a fifth; a collective manage-
ment would be desirable in 10 other UMA's; and only for 2 UMA's
does a singie collective management appear undesirable,

CONCILUSIONS

1. Present facilities are generally adequate for the im-
mediate future (say 1990) for all but five of the UMA's; and adequate
for six UMA's, probably into the long-range future apprvaching 2020,

2. The five UMA's for which a deficit is indicated by 1980,
must maintain aggressive action to assure that necessary supplies
are available to meet the demands.

3. The relative order of priority of the five UMA's con-
sidering the seriousness of their problems, is

Norfolk
Altoona
Utica-Rome
. Lynchburg
Williamsport

.

UL W N =

4. All of the UMA's are approaching their water supply
problems along regional lines; the degrees of regionalization
among them differ.
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5. More extensive regional planning for the urban
metropolitan areas, closely coordinated across institutional
boundaries where they exist, is desirable for many of the UMA's,

6. Opportunities identified for meeting water supply de-
mands through 2020 favor surface source development for 23
UMA's and will be required in 20 of them.

7. Groundwater opportunities are available for 12 UMA's;
development is required for 5 and is desirable for 2 others.

8. Treatment and/or transmission facilities will be re-
quired in all of the UMA's to meet 2020 demands.

9. For the large number of utilities found in the 26 UMA's,
many more planned, designed, and constructed interconnections
are desirable.

10. Future technology is expected to provide additional
opportunities for several of the UMA's in the form of desalting
and reuse of stormwater or wastewater.

11. The provisjon of water supplies at the time and to the

degree indicated in this study for each UMA should accommodate
the steady and unencumbered growth of each UMA.,
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TABLE 17
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{PROJECTED DATES OF FIRST DEFICIT | 1980 | 1980 1980 | 1980 1980 | 2000 | 2000 2000 | 2000 | 2000 | 2000 | 2000 | 2020 | 2020 | 2020 | 2020 | 2020 |After 2020
EXISTING SYSTEMS
Major systems (number serving 1 or more mgd) 6 2 4 1 4 2 3 4 17 12; 6 3 1 5 2 2 2 2 3 1 3 9 3 1 6 3
|
Minor systems (number serving less than 1 mgd) 20 - 1 - 5 6 2 13 133 16} -- 37 - 14 10 4 1 3 7 -- 2 44 8 - 1 40
Interconnected systems (status) None Partial Partial Complete None Partial Partial None Partial Partial None None Complete Partial Partial Complete Partial .Partial Partial Complete Partial Partial Partial Complete Partial Partial
Ratio of 2020 deficit to present capacity 1.67 1.33 1.29 123 0. 96 1.66 1. 46 1.04 0.93 0.88 0.85 0.81 0. 80 0.71 0.66 0.63 0.58 0.43 0.39 0.33 0.35 0.29 0,27 0. 09 0. 06 0.00
Transmission Transmission Transmission Transmission} Transmission|Transmission Transmission Transmission
Limiting factor(s) of systems Treatmeént Source Treatment Treatment Treatment Source Source Source Source Treatment Treatment Source Source Treatment Treatment Treatment Source Source Treatment Source Purnping Treatment Source Transmission| Pumping Transmission
Expansions to meet future requirements:
i
Source Necessary Critical Necessary Necessary Necessary Necessary Necessary Necessary Necessary Neceésary Unnecessary | Necessary Necessary Necessary Unnecessary |Unnecessary | Necessary Necessary Necessary Necessary Unnecessary | Necessary Necessary Unnecessary | Unnecessary |Unnecessary
{
Under |
Treatment Critical Necessary Critical Critical Critical Necessary Necessary Necessary Necessary Necessary Necessary Necessary Construction [Necessary Necessary Necessary Unnecessary | Unnecessary | Necessary Unnecessary | Unnecessary | Necessary Necessary Unnecessary | Unnecessary | Unnecessary
Under X
Transmission - Pumping Necessary Necessary Critical Necessary Critical Necessary Necessary Necessary Necessary Necessary Necessary Necessary Construction |Necessary Necessary Necessary Necessary Necessary Necessary Necessary Necessary Necessary Necessary |Necessary Necessary Necessary
Interconnections Necessary Necessary Necessary -- Necessary Necessary Necessary Necessary Necessary Necegsary Unnecessary | Necessary -- Necessary Necessary - Necessary Necessary Necessary - Unnecessary | Necessary Neéessary - Necessary Necessary
|
Storage Necessary Possible ‘Necessary Possible Possible Necessary Necessary Necessary Necessary Unneées&ary Unnecessary | Necessary Necessary Unnecessary | Unnecessary | Unnecessary | Necessary | Unnecessary | Necessary Necessary | Unnecessary |Necessary ‘Necessary |Unnecessary | Unnecessary | Unnecessary
i
REGIONALIZATION OF WATER SUPPLY i
!
Present extent of regionalization Partial Partial Planned Total Partial Partial In Progress | Partial Partial Parti%.l Partial Partial Total In Progress | Partial Partial Partial In Progress | Total Total Partial Partial In Brogress | Total In Progregs | Partial
i
Collective Management Desirable Desirable Desirable Exists Desirable Desirable Desirable Desirable Undesirable |Desirable Undesirable Desirable Exists Desirable Desirable Desirable Desirable Desirable Exists Exists Desirable Desirable Desjirable Exists Desirable Desirable
i
SUMMARY OF U.M.A. REGIONALIZATION
s
* TABLE 17



GENERAL

Arthur D, Little, Inc, ‘‘New Englamd: An
Beonomle Analysis.” Report for New
England Regional Commisaion. Novembar
1968.

. +« "“"Projective
Bconomic Studies of New England."
Baport for U.S5. Army Corpa of Engin=-
aexa, Hew England Division, 1964~
1965.

Sourcier, Donald V, and Forste, Robert H.
"Ecomonic Analysis of Public Water Supply
in the Piscataqua River Watershed." Builerin
I Report for HWater Resources Research Center,
University of New Hampshire. Harch 1967,

Eldredge, H., Wentworth, ed. "Taming Hegalopolis
Vol. I: What Is And What Could Be."” 1967.

Eaviroumsncal Protection Agency, Water
Gualicy Office, “Guidelines - Water Qualiry
Management Planning.” January, 1971,

Porsta, Robert H., and Christensem, Robert L,
"Economic Analysis of Public Water Supply in
the Plscataqua River Watershed." Bulletin II.
Beport for Water Resources Research Center,
University of New Hampshire., Auguat 19&8.

Gottmann, Jean. "Hegalopolis = The Urbanized
Northeastern Seaboard of the U, 5," 1966,

Bydroscience, Inc. "The Potomac Eatuary
as a Supplemsntal Source of Warer Supply."
Report for NEWS Study, U.S. Army Corpa
of Engineers, North Atlantic Diviasion,
January 1971,

International Joint Comniasion, Canada
and the United States. “Pollution of
Lake Erie, Lake Ontarfo, and the Inter=
national Section of the St. Lawrence
Biver." 1970.

Kahn, Herman, and Weiner, Anthomy, Jr,
“The Year 2000 = A Framework for Specu-
lacion on the Next 33 Years.” 1967.

Kneese, Allen V. "The Econouics of
Segional Water Quality Management." 1964,

Lanser, Arthur, Jr. and Spinner, Allen H.
“An Engineering=-Economic Study of the
Industrial Growth Potential of the Upper
Passaic River Basin," Stevens Institute
of Technology. February 1968.

73

BIBLIOGRAPHY

Matcalf and Eddy, Inc., - Hazen and Sawyer.
"Feasibility Report on Alternative Regionai
Water Supply Plans for the Northern New
Jarsay = New York City - Western Connecti-
qut Metropolitan Area," (Draft Repore)

August 1969.

¥illinsn, J. W. "Public Horizons for
Puturs Urban Water Supply." Paper for
Rasources for the Future, Inc, July 1963.

Natiomal Planning Association. '"Economic
Base Study - Chesapeake Bay Drainage Basins."
BRaport for U.5. Department of the Interior,
Faderal Water Pollution Control Admin-
istration, btiddle Atlantic Region, and
U.8, Army Corps of Engineers, Baltimore
Plstrice. May 1968.

. "Sumary-

Economic Base Study = Chesapeake Bay
Drainage Basins.'" Report for U.5.
Dapartment of the Interior, Federal
Water Pollution Control Administration,
Middle Atlantic Rerion, and UL.5. Army
Corps of Engineers, Baltimore District.
Pabruazy 1967.

Melsom, Myron K., and Chandler, R. L.
“Water Supply and Waste Water Bistricts
in Suburbia, Journal of the Sanitary
Engineering Division, Amepican Soclety
of Civil Engineers. April 1970

New England New York Inter-Agency Committee.
"The Resources of the Hew LEugland-llew York
Region."” Part Two, IWenty-three volumas,
1954,

NEWS. “Partial Bibliography of reports,
studies and telated documents applicable
to NEWS study." Approximately May 1970,

North Atlsntic Reglonal Water Resourcea Study.
"Population Forecasts for the 32 NEWS Urban
Study Areas for 1980, 2000, and 2020."
(Disaggregated from Dffice of Busineas
Economica projections for Water Resources
Plaaning Areas). August 1970.

Office of Business Econowies, Regional Economies
Diviaion, U.S. Department of Cormerce, and
Office of Appalachian Studles. U.5. Azmy
Corps of Engineers, "Development of Water
Resourcea in Appalachia." appendix E,

Beomomdic Base Study, October 1968,

Regional Plan Asscctation, New York, N,Y.
"Study of Present and Projected Urban De-
welopment and Land Use im North Atlantic
Raglon~Notth Atlantic Regional Water Re—
sources Study.” March 1969,



Roseshein, J.5. "Bibliography of Water
Basources ~ North Atlantic Reglonal Water
Beagurces Study,"” U.S. Geoclogical Survey,
August 1967,

Stevens Institute of Technology. Hanagement
§clence Department. "An Ensineering -
Ezonomic Study of the Industxial Growth
Potentlal of the Upper Passaic River Basin.
1968,

Stevart, Robert H. and Merzger, Ivam.
"Industrial Water Forecasts." Paper
presented at American Water Works
Association Annual Conference, Washe
ingten,; D,C. Jume 1970.

Strandberg, W.B. "The Allocation of Regicmal
Water Supplies = A Case Study of the North-
sagters United States." Unpublished
Ph.D. dissertation, Cornell University, 1967.

Todd, Keith David. "The Water Encyclopedia."
Hew York, 1970.

Tunnard, Christopher, and Pushkarev, Boris.
"Man+Made America —- Chaos or Conttol?"
1963,

U.S. Department of Agriculture, Economic Re~-
aearch Service, Forest Service and Soll
Conservation Service., "Agricultural Land
Drainage - tiorth Atlantic Regional Water
Resources Study." (Preliminary Issue).
August 1969,

U.S. Department of Agriculture, Economic Ree
search Service, Forest Service and Soil
Couservation Service, "Land Use and Water
Ares By States and Basins in the North
Atlantic Region.” (Preliminary Lssue).
January 1968.

U.S8, Department of the Army, Corpa of
Engineers, 'Methodology for Municipal and
Industrial Water,” and "ifethodology for
Ground Water." Extracts and summary tables
from Firat Round Plan - Formulatiom,

HAR Study.

U.3. Department of the Army, Corpa of En-
gineers, Baltimore Districe. "NEWS Pre~
liminary Repart: South Central Pennsylvania,
Baltimore & Mason-Dixon Areas." February 1970.

0,S. Department of the Army, Corpas of En-
gineers, Institute for Water Resources.
"Environmental Guidelines for the Civil
Works Frogram of the Corps of Engineers.”
November 1970,

U.S. Department of the Army, Corps of En-
glneers, NHew England Division. “Report on
Power Development, Flood Control, Drainage
and Navigation -~ Merrimack River Baaiuw,
New Hampshire and Massachuserts.™
September 1954.

.5, Department of the Army, Corps of En-
gineers, North Atlantic Bivision, "Engineering
Feasibflity Report on Alternacive Repional
Water Supply Plans for Southeastern New
England.” (Iwe Volumes) November 1969,

0.S. Department of Commerce, Bureau of the
Census. "Area Measurement Reports
{Connecticut, Delaware, Haine, Maryland,
Magsachusetts, New Hampshire, New Jersey
and Pennsylvania,) 1966-1967.

U.S5. Departnent of Commerce, Bureau aof the
Cengus. ''1954 Gensus of Manufactures, In—
dustrial Water Use." 1957,

U,S. Department of Commerce, Bureau of the
Census, "1958 Census of Manufactures, In-
dustrial Water Use.™ 1961,

U.8. Department of Commerce, Buteau of the
Cengus. "1963 Census of Manyfactures,
Mater Use in Manufacturing." 1966.

U.5. Department of Commerce, Bureau of the
Census, "1970 Census of Population =
Population Counts for States,” Prelimi-
pary Reports for Maine, New Hampshire,
Verment, Massachusatts, Connecticut,

New York, New Jersey, Delaware, Maryland,
Virgionia, Pennsylvania.

¥.5. Department of Commerce, Bureau of the
Census. "County and City Data Book."
(A Statistical Abstract Supplement). 1967,

U.5. Department of Commetrce, Bureau of the
Census, "Population Lstimates and Proe
jections, Estimates of the Population
of 100 Large Metropolitan Areas: 1967
and 1968." Serlea P-25, No, 432, October
3, 1969.

U.S. Department of Commerce, Economic
Development Admipistration. “Review of
Regional Research and Planning in New
Eogland." 1367.

U.S. Department of Commerce, WNaticmal
Weather Service., "Water Supply Outlook
for the Northeastern United States."
January 1971.

U.8. Department of Commerce, Office of
Businens Economlcs, "Population Projec-
tions - North Atlantie Regional Water
Rasources Study." (County Level). 1968.

U.S. Deparrtent of Commerce, Regional Economics
pivieion, Office of Business Economics.
"pppandix B, Ecomomic Base-North Atlantie
Regional Water Resources Study.” (Final
Drafe). HMHay 1968,

U.8, Departnent of Healeh, Education aod
Welfare, Bureau of Water Hyplene. “Community
Water Supply Study -~ Significance ¢f National
Findings.” July 1971,

Th



U.5. Department of Health, Education and Welfare;
Faderal Water Pollutiom Comtrol Administration.
"A Framework Study of Water Supply and Water
Pollution Control Problem Areas in the Ohio
Kiver Basin.” April 1966.

U,5. Department of Health, Education and Welfare,
Public Health Service, Division of Water Supply
and Pollution Control, "Hunleipal Water Facilities
Counynities of 25,000 Populaticn and Ovar-As of
Jenuary 1, 1964." Publicacion No. 661. 1964.

U.8. Department of the Interior, Geological Survey.
“Ground Water in the North Atlantic Region -
North Atlantic Regional Water Resources Study."
{Preliminary Issue). March 1970,

U,5. Department of the Iaterier, Geological Survey,
"Index to Catalog of Information on Water Data =
Water Quality Stations," 1966,

U.S. Department of the Interior, GCeological Survey.
"Water Data for Metropolitan Areas." Water Supply
Paper 1871. 19648.

U.S. Departnent of the Interior, lNorth Atlantic
Regiomal Study Group, North Atlantic Divisiom,
Corps of Engineers. "Summary of Heteorologic
and Hydrelogic Basie Data - iorth Atlanrie
Regional Water Resources Study " (Preliminary
lssue), October 1967,

VU.5. Department of tha Interior, Office of Saline
Water. '"Desalting a3 a Water Supply Source."
1970,

U.5. Department of the Interior, Office of Saline
Water. ''Saline Water Conversion Report for
1969-1%70."

V.S, Dapartment of the Interior, Office of Water
Besources Research., "Benefits from Integrated
Water Management in Urban Areas = The Csse of the
Hew York Herropolitan Region.” 1969,

U.S5. Department of the Interior, Water Resources
Coumcil, Special Task Force on Evaluation
Procedures, '"Procedures for Evaluation of Water
and related Lind Resource Projecta." June 1969.

U,S. Departument of the Laterior, Water Resources
Council. '"The Nation's Water Resources.” 1968,

Zobler, L. et al, "Benefits from Lntegrated Water
Mapagement in Urban Areas — The Case of the New
York Matropolitanregion." Report for the U.5.
Department <f the Interior, Office of Water Re—
sources Research.™ April 1969.

Andersem=-Nichols & Company, Conmsulting
Engineers. "City of Lewlston, Malne/
Water Distribution System Report.”
December 1959.

75

Caup, Dresser & McKee, "Lewiston, Maine -
Raport on Water Warks Lmprovements.'
Saptezher 1963,

"Ioveatory of Water Utilities — Maine.”™

Jordan, Edward C. Co., Inc., Comsult-
ing Engineers and Planners. “Maine
Water Resources Plan ~ Water Supply
and Sewerage Facilitiea Analysis.”
Vol., 1: "State Water Resources
Planning.” February 1969.

Yol, 11t "Regional Water Resources
Plaaning."

Malcolm Pirnie Engineers. “Report em
Water Supply = City of Bangor, Maine.”
April 1967.

Nev England River Basin Commisaion.
“pegzional and National Demands on the
Haine Coastal Zone," January 1971.

Prescott, Glenn C,, Jr. "Recomnais-
sence of Ground-Water Conditions
in Maine."” U.S5. Geological Survey
Water-Supply Pdper 1669-T. 1963.

Public Affairs Research Center, Bowdoin
College, Brumswick, Maine, ''State of
Maine Planning Analyses,”" 1967.

NEW HAMPSHIRE

Anderson~Nichols & Company, Inc.,
Comsulting Engineers. "Public Water
Supply Study Phase One Repore.”

May 1969.

WPublic Water Supply Study Phase Two
Report.” {In preparation.)

Brown snd Long, Civil Engineers.
"Compraliensive Report on Water Supplies
and Sewerage = Cheshire and Hillsborough
Counties (Towns under 5,500 Populatiom).”
Report for New Hampshire Water Supply and
Pollution Control Commission., December 1967.

Camp, Dressetr and McKee, Engineers., '“Report
on Additional Water Supply for the Penmichuck
Water Works, Nashua, New Hampshire." 1958.

Wisport on Hetropolitan Water Supply for Sea-
coast Ares."” October 1960,




Hayden, Harding and Buchanan, Inc., Com~
sulting Engineers. "Interim Keport for
Water Supply and Water Follution Abate-
ment in the Meczopolitan Manchester Re—

gional Area." Prepared for the Southern
New Hampshire Planning Comuission. Sep—

tember 1970.

Nev Hampohire $tate Plianing Project.
"Raport No, 4, Hew Hampshire Water

Bodies and Public Access Polntsi" 1964

Data Bock. August 1964.

New Hampshire State Planning Project.
"Report No. 10, The Water Resources
of New Hampshire." September 1965.

U.5. Department of the Army, Corps of

Engloeers, “Northeastern United States

Water Supply Study, Interim Memo No.
Soythern New Hampshire Tri-City Area
{Part of OBE Sub~regioa No. 7)."
August 1963,

VERMONT

Chittenden County Regional Planning
Comiiseion. 'Chirtenden Reglon
Preliminary Water and Sewer Plam."
Auguat 1970. (Includes attendant
saps and gsummary of the Burlington
water treatment plant.)}

"Inventory of Lakes and Ponds in
Vermont = By Counties ~ Less than
20 Acrea." Decémber 1968.

Pavlsen Assgciates Incorporated,
“Engineering Report, Extensions
to Trensmissions and DMstributien
Mains, Champlain Water District
Chictenden County, Vermont,"
February 1970,

Varmont Department of Water Resqurces.
“Inventory of Lakes énd Ponds in
Varmont ~ By Countles = 20 Acres
or More in Area.” March 1968.

Vermont Departwent of Water Resources,
"Status of Qutlets and Control
Structures of Lakes and Ponda Over
Twenty Acresa in Vermont." September
‘1964,

Vermont Fish & Game Depsrtment.
"Vermont Stream Survey, 1952-1960."
December 1962,

"Water Utilities Directory - Vermonec."

Wabstert-Hartin, Inc., Consulting Eapgin-
eers. "Engineering Report, Water
Supply and Transmission, Champlain
Water District Chittenden County,
Varmamt.' October 1969,

4

MASSACHUSETTS

Gommonwealth of Hassachusetts. "Special
Raport of the Water Resources Commis-—
sion Relative to Methods of Providing
an Adequate Water Supply to the Cities
and Towna of thé Covenonwealth During a
Period of Drought or Other Emergency.'”
House Document No. 2791, December 1958.

Commonwealth of Massachusetts. "Special
Report of the Water Resources Cotmis=-
sion Relative to the Water Supply of
Berkshire Coumty." House Document No. :
5170, January 1967.

Cuorran Assoclates, Inc., Engineers and Plan-
ners, "Water Supply and Severage - Berkahire
County, Massachusetts — Stage I - Inventory
snd Future Needs," December 1369.

Wiater Supply and Sewerage ~ Berkshire
County, Massachusates - Stage II - The
Beglonsl Plan." June 1970.

Metcalf & Eddy, Engineera, "Development of
Additional Watet Supply"”., Prepared for
Board of Water Commissioners, Pittafield,
Massachusetts. October 1965,

CONNECTICUT

Cahe Engineers., "Windham Planning Reglon -
Proposed Plan for Regional Sanitary Sewer—
age, Water Supply and Stomm Drainage Devel-
opment." September 1968.

Connecticut Development Commission, “'Com-
mmity Services." Connacticut Iaterregional
Planning Progran Techaical Report 150. Two
Volumes, August 1963.

Connecticut Devalopment Commissiim, “'Warer -~
A Besource Inventory.” Connecticut Inter—
regional Planning Program Technical Re-
port 124, Hay 19613,

Counecticut River Basin Codrdinating Commit-
tee.” ''Comprehensive Water and Related
Land Resources Investigatiom, Counecticut
River Basin." Vol. 1: 'Main Report."

{9 Vol.), Jume 1970.

Cushman, R.V., et al,; rev. Baldwin, H.L.
"Hater Resources of the Waterbury-bristol
Area, Connecticut." U.S. Geological
Survey Water-Supply Paper l488-H.

Cushman, R.V. "Ground-Water Resources of
North-Central Connecticut." U.5. Geolo¥i=
cal Survey Water-Supply Paper 1752. 1963.

76



Geraghty & Miller, Ground-Water Geologists.
"Availsbility of Water Resources in the
Hidstate Hegion of Connecticut."
December 1965. ¢

Inventory of Water Utilities, Connecticut/
Rhode Island,

* Maguire, Charles A. and Associates, “Re-
glonal Water Supply and Distribution In
The Central Connecticut Planning Reglon.™
March 1%69.

Hatcalf and Eddy, Eopineera. "Surface
Water Supplies Availabie in Southeastern
Connecticut.”" April 1962,

Mingan, James S. and Associates, Inc. =
Travelers Research Center, Ine. "“High-
lights of a Reglonal Utilities Study,"

- .

“MReglonal Utilitiea Study.™ Vol, 1: "Altema-
tive Plana for Regional Utilities Study,”
1968-1969,

Vol. 2: "Present Adequacy, Futura Needs
and On-Lot Sewage, Systems."

VYol. 31 "Investory of Existing Facilities."
Vol. 4: "Iuventory of Existing Factlities."

Vol, 5t “Water Supply, Technical Appendix."

Office of State Planning, Department of
Finance and Control, State of Connecticut.
"Bibliography - Selected Repional, State
#nd Other Governmental Agency Water Re-
sources Flanning Documents." April 1970,

Office of State Planning, Departwent of
PFinance and Control, State of Commecticut,
"Location of Existing Sanltary and Water
Related Facilities Services and Uses.”
July 1970. N

Randall, Allan D., et al, "Water Resources
Inventory of Connecticut, Part 1, Quine-—
baug River Basin.” U.S. Geological Survey,
{Connecticut Water Resources Bulletin No, 8).
1966,

* Southeastern Connecticut Water Authority =
Southeastern Connecticut Regional Plan~
ning Agency. ''Water Supply Plan for the
Southeastern Cotmecticut Replon.” Volume
1, Inventory. September 1969.

Volume II, Recommended Plan.

Thomas, Mendall P,, et al. '"Water Remources
Iaventory of Connecticut, Part 2, Shetucket
River Basin.”" U.S. Geologlcal Survey,
(Connecticut Water Resources Bulletin No. 11)
1967,

7

U.8, Department of Health, Education, and
Welfare, Public Health Service. "Waste
Water Disposal by Conmecticut Induatries,”
1964.

NEW YORK

Barton, Brown, Clyde & Loguidice. "Onondaga
County Comprehensive Water Supply Scudy.”
Appendix @, Subcontract Report to 0'Brien
& Gere, March 1968, Rev, August 1969,

*Barton, Brown, Clyde & Loguldice, Consulting
Engineers. ''Report on the Oswego Coumty
Water Supply Study." 1967,

Bleck & Veatch, Consulting Engineers.
"Summary Report on Comprehensive Sewerage
Study for City of Rochester, Hew York," 1960,

Buachi, P, “'Genesee River Basin, Municipal
Water Supply.” Informal Notes. WNew York
State Conservation Department., 1969=70.

Candaub, Flalsalg and Asseciates. “Sewer
and Water Systems, Phase 2, Genesee/Finger
Lakes Region." Praliminary-feurth Draft.
Novenber 1970,

Capital District Repicnal Planning Commission,
"Regional Water Supply and Wastewater Dis-
posal Plan and Program.” July 1971,

Cayuga Lake Basin Resiortal Water Resources
Planning Board. ‘“Proposal for Multipurpose
Raservoir Froject Planning Study, Fall and
3ix Mile Creeks." August 1970,

Crain, L.J. "Chemical Quality of Ground Water
in the Western Uswego River Barin, New York,"
U.8. CGeologlcal Survey ~ New York State
Conservation Depariment, Mareh 1969,

"Engineering Data for Oswego and Ontario
Basins.” Vol. 4 of 4, Appendix II, Part 2.

Genesee/Finger Lakes Regional Planning Board,
Comprehensive Planning Division, 'Drainage
Study-Inventory and Analysis." October 1969.

Genesee/Finger Lakas Reglonal Planning Board.
"Demographic Apnalysis, Regional Summary,
Progress Statement." 1969,

Genesee/Pinger Lakes Regiomal Planning Eoard.
"Ecomomic Analysis-Regional Summary.” 1969.



Greeley & Hansen Engineers. "Comprehensive
Public Water Supply Study = Wayne, Ontario
and Yates Countles, New York." Summary.
March 1970,

Greeley & Hansen Engineers ~ Harya Engineering
Co. "Genesee River Basin, Municipal Water
Supply for the Rochester Matropolitan Area."
May 19, 1967,

Haryz Engineering Co, -~ Greeley & Hanzen
Engineers., "Hew York State Supplement,"
Genesee River Basin Study of Water and Relared
Land Resourcea, Vol. VIII. August 1969,

Hazen and Sawyer, Engineers. "Comprehensive
Public Water Supply Study for Chemumg
County, New York." 1968,

Hazen and Sawyer, Engineers. 'Comprehensive
Sewerage Study for Chemung County, New York."
March 1970,

Bollyday, E. F. "An Appraisal of the Ground
Water Resources of the Susquehanna River
Bagin in New York State," U.S, Geological
Survey Open-File Report. March 1969.

Esstuer, Joseph A,, Jr. "Report on Com~
prehensive Sewerage Study/Town of Sand Lake,
Rensselaer County, New York," March 1965.

Halcolw Pirnie Engineers. "Albany County
Comprehensive Public Water Supply Study.'"
May 1968,

. Comprehensive
Sewerage Study Herkimer and Oueida Counties."
November 1968,

. "Herkimer and Oneida
Counties Comprehensive Public Water Supply
Study.” November 1968,

Malcolm Pirnfe Enpineers - Kestner, Joseph A,, Jz.
“Report en Comprehensive Sewerage Study Troy
and Environs." September 1965,

Hartin, R, J. and Shunaker, V. 0., Consulting
Eugineers. ''Development of Water Facilities,
Broome County, 1967-2017 " January 1968,

Metcalf and Eddy, Engineers. "Reconnaissance
of Water Resources Potentials for Central
New York Area.” August 1966,

« "Report to
Hearoe County Water Authority Rochester

New York upon Additfons and Improvements

to Water Supply System,” Vol. I: "Report,"
May 1965, {(Supplements through 1968.)

Yol. II: "Appendix."

Myrick & Chevalier, Consulting Engineers.
"Rapore on Cowmprehensive Sewerage Study
for Village of Castleton=-Cn=Hudson and
Town of Schodack." Hay 1967.

Myrick and Chevalier Engineers = J,. Kenneth
Fraser and Associates. "Report om Compre~
hensive Sewerage Study/Rensselaer—Eaat
Greenbush," December 1956.

New York State Department of Health, Divisiom
of Public Waters. '"Comprehensive Public
Water Supply Study Program and Comprehensive
Severage Study Program.,"” (Summary Status of
Centracts.) april 1970.

New York State Office of Planning Coordination.
"The 1990 Land Use and Settlement Study.” One
explanatory booklet and two maps: ‘''Pre=-
liminary Land Use Gulde, 1990" and "Settlement
Densities Study, 1990." OPC Informaticn
Bulletin No. 2-70. July 1970.

Northern Tier Regional Planning and Development
Comuission. "Susquehanna County Comprehensive
Water and Sewexr Plan." Hovember 1970.

0'Brien & Gere, Consulting Engineers.
“Onondaga County Comprehensive Public
Water Supply Study,” Suwmary Repore, 1968,

Beport} Appendices,

Office of Plapning Coordination, State of
New York. "Demographic Projections for
New York State Counties to 2020 A.D."
June 1968,

Parsons, Brinckerhoff, Quade & Dougias, ILnc.,
Congulting Engineers, "Compreheasive Pulilic
Water Supply Study for Schenectady County,
New York." Swmary., March 1970,

Piersall, Charles H., Jr., and Plart, Stuart F.
"Water Capacity Planning for Metropolitan
Areas: The Case of Monroe Coumty, New York,"
Syatema Analysis Program, University of
Rochester, May 1970,

Rensaelaer County Department of Planning and
Promotion. "Water Supply and Sewage Dis~
posal.”™ 1968,

Rensselaer County llealth Department, Division
of Environmental Hyplene. "Water Resources
in Rensselser Coumty." July 1, 1961,

78



Stearns & Wheler, Civil and Sanitary Engineers,
"Comprehensive Intermunicipal Public Water
Supply Study of Saratoga County, New York,"
July 1968,

TAMS, CD&M, LB&G. "Reconnaissance of Water
Besources Potentlals for Hudsom, Mohawik,
and Long Island Areas." Public Water
Supply Excerpts. August 1966,

Tector-Dobbins, Cmsulting Engineers.
“Orleana County Comprehensive Water Supply
Study." August 1970.

U.S. Department of Health, Education and
Welfare, Public Health Service = NHew York
State Deparement of Health. "Cormunity
Water Supply Study/Hew York Standard
Metropolitan Statistical Area," June 1970,

U.5. Department of the Interior, Geologieal
Survey, ‘''Genesee River Basin Comprehepsive
Study of Water and Related Land Resources.”
Appendix I: "Ground Water kesources" by
J.C. Karmerer and W.A. Hobba, Jr, 1966,

Appendix H: "Water Supply and Water Quality
Management."

U.5. Department of the Interior, Ceological
Survey, 'Water Resources Lnvestigations
in New York.," 1968.

Wentzel, Richard C. 'Notes." New York State
Conservation Department. 1970.

PENNSYLVANIA

Albright & Friel, Inc., Consulting Enginears,
"A Magter Plan for Water Supply and Sewerage
Facilities," August 15, 1960.

"A Study of the Water Resources of Central
Mootgomery County," Auguse 1962,

.
"?reli.m.lnary Report on Water Demands for
the Year 2010 in the White Clay and Red
Clay Basins, Chester County, Pennsylvania."
February, 1960.

"Report on Water Resourcss Study for
Reglon I = White Clay and Red Clay Creek
Basina of Chester County." July 1, 1945.

"Report on Water Resources Study for
Ragion III - Delaware Watershed and Region
IV ~ Schuylkill Watershed of Chester
County." Auguse 12, 1969,

79

darks County Planning Comnissiom.
"Berks County Comprehensive Plan for 1985."
April 1967.

Barks County Planning Commission,
(1) "pistribucion of Additional Projections
for Berks County."

(2) "A Manual of Projections for Berks
County." April 1967.

(3) "Plaoning Data Sheet — 1970 Preliminary
Population Census." July 1970.

Blair County Planning Commission. "An Areawide
Cemprehensive Plan for Blair County, Penn~
sylvania,” August 1969.

Blair County Planning Comission. "Blair County
Historical Background and Physlography."
Report #12, February 1967.

Blair County Planning Commission. "Report #4,
Populacion.” HMay 1967.

Baurguard, E,H, and Assocliates. "Report om
Water Resources Study of Lancaster County,
Pepnaylvania." August 1966.

+ "Report on
Watar Reaources Study of Neshaminy Creek
Banin and Vicinity Bucks and Montgomery
Counties, Pennsylvania." May 1965,

. "Report on
Water Resgurces Survey of Main Stem of
Schuylkill River, Pennsylvania." Mareh 1968.

Bourguard, Geil and Assoclates, Consulting
Hydraulic Engineers. "Report on Water Re-
sources Study of Hrandywine Creek Basin in
Penneylvania.' December 1958,

Chester County Planning Comnission. "Biennial
Repart, 1967-1968."

Chester County Planning Coumission, West Cheater,

Pa, '"Water and Sewerage, Inventory and Analysis."

Commonwealth of Pennsylvania, llepartment of
Environmental Resaurces, 'Municipal Water
Supply Inventory." (Computer output ) 1966,

Commomwealth of Penmsylvania, Denartment of
Forests and Watera, Bureau of Engineering.
"Channel Improvement Project Planning Re—
port on Mill Run in the City of Aleoona
and Logan and Allegheny Townships."
October 1970,

Delgware County Planning Commission. ''Delaware
County Sewerage Facilities Plan," Final Drafe,
1969.



belaware River Basin Commission. "Environmental
Impact of the Proposed Point Pleasant Diversion
Plan, Bucks and Montgomery Counties, Penmsylvania."
January 4, 1971,

E.H. Bourguard Agsociares, Ine., Censulting
Hydraulic Engilneers. '"Report of Feasibiliry
Study of Delaware River Pumping Facilities
at Point Pleasant, Pennsylvania." Report for
Delaware River Basin Coumission. March 1970.

GEO=Technlcal Serviees, Consulting Engineers &
Geologistas. '"Warer Rescurces of Chester County/
Evaluation or Potentlal Safe Yield Related to the
Projected Water Needs," Decembar 1969.

.
"Water Resources of Chester County, West Branch
of the Brandywine Creek, Cost of Securing Pro—
jected Water Needs — Comparison Hetween Alter—
native Schemes.” Report for Chester Conty
Board of Commisafoners. Harch 1971,

Gilbert Associates, Inc. = Enginesrd/Consultants.
"Berks County Master Water and Sewer Plan." 1969,

+ "Luzerne County
Water and Sewer Haster Plan.”" Prellminary
Draft. 1971,

Gwin Engineersa, Inc., Consulting Engineers §
Planners., ''Report of Areawide Water and Sewer
Plan, Blair County.”" December 1969,

Huth Engineers, Inec. and Roy F. Weston Envirom=
sental Sclentists and Enpineers., 'lLancaster
County Comprehensive Sewerage Plan." October 1970.

Joint Planning Cormisslom, Lehigh-Northampton
Counries, "Water Supply and Sewage Facilities
Plan, Update 1970," January 1971.

-

Justin & Courtney, Consulring Enpineers.
"Draft/Haster Plan for Water Supply, Bucks
County, Pennsylvania." 1970.

WPhane 1 Report on Updatiang of Master Plan
for Water Supply." January 1970.

Lackawamna Co. Planning Commission,
"Population Analysis™ and “Exiating Water
Resources," Draft coples.

Luzerne County Planning Cormissaion,
"Educational Program as a Supplement o the
Comprehensive Flan Report." 1948,

Luzerne County Planning Commission.
"Land Use Plan of the Wilkes-Barre/
Hazelton Metropolitan Area of Pennsyl-
vania,” 1963,

80

Luzetne County Planning Commission.
"itilities and Services of the Wilkes-Barre/
Hazelton Metropolitan Area of Pennsylvania,"
1960,

Luzeme County Planning Commission.
"Water Report of the Greater Back Mountain
Area of Luzerne County, Pennaylvania.”" 1962.

Lycoming Coumty Planning Commission.
"Lycoming Coumty Physical Features Study."
Sepcember 1969,

Mason-Dixon Task Force Information:
(1) GEO=Technical Servicea, Consulting En-

gineers and Geologists. '"Yason-Dixon

Raw Water Transmission Economic Analysis."

Addendum December 1969.

(2) .« "The 'Mason-Dixon'
Water Project/Proposed Outline of a Feasi«
bility Study." November 1968. Appendix A:
"Low Flow Characteristics for a Vatershed,
Within the Area of Influence.”

{3) U.S5. Department of the Interior, Geological
Water Resources Division. "Streamflow Datal/
Mason~Iixon Water Project Area of Influence.”

1967,

GEQ=Technical Services, 'Feasibility of Raw
Water Tranamission on an Inter-Community Basis/
A Generalized Discussion and OQutlina of Re—
quirements. October 1965.

%)

(5)

Hason—Dixon Water Project Mapa.

Montgomery County Planning Commission.
(&)
2)

"Population Estimates and Forecasts, 1969."

"Montgonery Co,, Pa, Sewer-Water Supply.”
Excerpts on Water Supply. Study presencly
in preparation,.

Penusylvania Department of Forests and Waters,
Bureay of Engineering, Water Rescurces Branch,
Fart I: "An Evaluation of Present Water Supply
Sources, Water Use, and Future Water Demand for
the Pennsylvania Portion of the Delaware River
Basin," Mareh 1370.

'
Part Il: "An Investigation of Froposed New
Water Supplies and A Compatison of Supply and
Demand for the Pennsylvania Portion of the
Delaware River Basin,'"

Pennaylvania Department of Forests and Waters,
"Qutline for the Development of a State Water
Resources Plan," Hatch 1968-



Philadelphia Suburban Water Company. U.3. Department of the Interfor, Federal
Water Pollution Control Administratioan.

(1} Extract from “Scope of Operations.” "Development of Water Resources in Appalachia.™
Territory, System and Sources of Supply Appendix D: "'Warer Supply and Warer Pollution
an of January 1, 1970, Control,” March 1969,

(2) Population Forecast to 2020.
U.5. Geological Survey, Water Resources Divisien,
(3) Water Requirements to 2020. and Maryland Geologicak Survey. ''Water in
( " " Maryland." 1970.
4) 9" x 14" Map of Territory.

{5) Print of Plan A-2101, Towmshipa and Voorheesa, Alan M. & Associates, Inc.
Boroughs Served, "Lackawanna-Luzerne Transportation Study/
Plun Development Stmmary." Iacludes Census
{6) Print of Plan - Principal Transmission Population Flgures.
Mains. :
NeW JERSEY

Philadelphia Water Department, Research and
Development Unit, "Future Water Demand --

City of Philadelphia." November 1969,
Barksdale, Henry C., et al. "Ground-Water

Attached: "Map of Trunk Mains, Water Dis- Resources in the Tri-State Reglon Ad-

tribution System, Philadeiphia, Pa, jacent to the Lower Delaware River,"
U.S, Geological Surwey, Special Report
13. 1958.

*Bodgers, Clifton E, and Assocfates,
"The Comprehensive County Plan for Water and
Sewer Systems Lycoming County.” November 1969, Barkadsle, Hency C,, Sundstru:, Raymond W.,
amd Brunatein, Maurice S. Supplenentary

Report om the Ground-Water Supplies of the
Atlantic City Regien.” State of New Jersey

+Sanders and Thomas, Consulting Engineers. Water Policy Commission, Speclal Report &.
"Water Supply and Sewage Facilities Plan for 1935,
Lahigh Valley, Pennsylvania, 1966=-2020,
March 1967,

Canden County Planning Board. 'Warer
Resourcea in the Canden Urban Reglom.”
Susquehanna Economic Development Association November 1961,
(SEDA). "Regional Sewape Study¥, Greater
Williamsport Area," FPrepared for Lycoming
County Planning Commisslon. January 1970,
Clark, Glenn A., et 2l. "Sumary of Ground-
Water Rescurces of Atlantic County, few
Jersey with Special Reference to Public

Susquehanna River Basin Study Coordinating Water Supplies." U.S. Geologlcal Survey
Committee. "Susquehanna River Basin Study.” (in cooperatfon with the State of New
Appendix C - Economics and Geography, June 1970. Jersey). 1968,

University of Pennsylvania, Community Housing and Planning Associates,

Inc. “Population Report: A HMaster Plan
(1) Iastitute for Environmental Studies, Report for the Atlamtic County ilew Jersey
Reglonal Science Research Institute, Planning Board." October 1969,
"Map of the Upper East Branmch Brandywine
Project.”
(2) Chester County Maps (2), Comzunity Housing and Planning Associates,

Ine. "Water and Sewer Studies: A Master
Plan Report for the Atlantic County dew
Jarsey Planning Board." Ccrober 1969,
U.5. Department of Agriculture, Soil Con-
servation Service. "Prellminary Ignves—
tigation Report on the Big and Little Creeks

Watershed in Cecil County, Maryland." Cunberland County Planning Board. “Rural
August 1969, Also: '"Present Status of Water Plan, Cumberland County, New Jersey."
8.C.8. Watershed Planning Activity", and July 1969,

1970 News Reléase on Proposed Elk Creeka

Watersheds Development.”

Cuomberland Cownty Planning Moard. "Urban
Water Plan." Prepared for U.5. Depart-
mant of Housing and Urbar Development.
Deceabar 1970,

U,5. Department of the Army, Corpas of Engin-~
eevs, Raltimore District, "Susquehanna
River Basin Study." February 1970.

U.S. Department of rhe Army, Corps of Engin=
eers, Philadelphia Pistrict. "Flood Plan
Infomation, West Branch Brandywine Creek —
Chester County, Pennsylvania." March 1970,

Denaky, Ellis. "Records of Wells and Ground-
Water Quality in Camden County, N.J., with
Spacial Reference to Public Water Supplies.”
U.8, Geological Survey. 1963,

81



Elam and Popoff Engineering Assoclatea,
"FPeasibility Study for Potable Water
Facilities, Warren County, New Jersey.'"
Report for Warren County Board of
Chosen Freeholders. July 1969,

Freeman, Smith; MiIlg Edwin § Kinsman
David "Water Supply and Tocks Island Dam ¥
Princeton, N J 1971 {Mimeographed )

Hardt, William P, Public Water Supplies
in Gloucester County, N¥.J." U.5. Geologi-
cal Survey, Water Rescources Cilreular tio. 9,
1963.

Killaz, Elson T, Assoclates, Inc, Hydraulic
and Sanitary Engineers, "A Master Sewerage
Plan for Burlingtonm County, New Jersey."
Abstract/Aseiscunk Creek Watershed.
Abstract/Penusauken Creek Watershed.
Abstract/Rancocas Creek Watershed.
Abstract/Slacks and Crafts Cteek Watershed.

Abstract/Crosswicks Creek Warershed.

Abstract/Hulljica River Watershed.

Land Engineering and Surveying Co., Inc.
"Watexr Facilities Study/Burlingtem County,
New Jersey.” 1970.

Langmuir, Donald. "Iron in Ground Waters of
the Magothy and Raritan Formations in Camden
and Burlington Counties, New Jersey." U.S.
Geological Survey. 1969.

New Jersey Department of Conservation and
Economic Development, Division of Ecenomie

Development, Bureau of Research and Statistics.

"1969 Population Estimates for New Jersey."

New Jersey Water Resources Advisory Commitree.
"Second Report of New Jersey's Water Re—
sourcea.” lMay 14, 1958,

New York District, Corps of Engineers.
"The Flood of May, 1968." May 1970,

Farker, Gerold C., et al. "Water Resources
of the Delaware River Basin." U.S5. Geo—
logical Suxvey, 1964,

Furcell, Lea T. Assoclates, Mercer County,
N.J. "Comptehensive Flan." Analyails of
Water Supply and Sewerage Facilicies of
Mercer County. November 1969.

Quirk, Lawler & Matusky, Engineers.
"Surface Water Supply Capabilities of
Hoxthern New Jersey River Basins,"
December 1968.

Rozenau, Jack C., et al. "Geology and Ground-
Water Resources of Salem County, New Jersey."
U.8. Geological Survey, Special Report He.33
1969

Rush, ¥, Bugens, "Geology and Cround-Water
Resources of Burlington County, Hew Jersey,”
U.5. Geological Survey. 1968.

. "Records of Wells and
Ground-Water Quality in Burlington County,
Hew Jersey." 1.5, Geological Survey., 1962,

3alem County Planning Board Staff. "Salem
County Sewer & Water Plan." Pare I:
"Reaources Inventory and Problem Analysis.”

Part II: “Future Supplies,™

Seaber, Paul R. "Chloride Concentrations of
Water from Wella in the Atlantic Coastal
Plain of New Jersey, k923~6l." U.5. Gao=
logical Survey, Special Report No. 26, 1963,

Sherman, Arthur L, and Grossman, Hax, Con-
sulting Engineers. "Present and Prospective
Usa of Water by the Manufacturing Industries
of New Jersey." 1953,

State Congervation Needs Committee, "New

Jersey Conservation Needs Inventory," Jjune 1970.

Tippetts~Abbett-McCarthy-Stratton. “Survey
of New Jersey Water Fesources Developwment,”
December 1955,

4

U.5. Geological Survey. "A iHydrologic
Analysis of the New Jersey Pine Barrens
Region.”" 1970,

Us8, Ceologlcal Survey. "Starlstical Summaries
of New Jersey Streamflow Records,” 1970

Vecchioli, John, and Palmer, Hark M.
"Ground-Water Rescurces of Mercer County,
N.J." U.5, Geological Survey, Special Report
19, 1962.

Brams, Marvin R., Chandler, Charles, and
Wilsen, Nancy, ed, University of Delaware,
Water Resourcea Center. '"The Economic and
Engineering Feasibility of a Unified Water
System for Worthern New Castle County,
Delavare.”" February 1969,

Buchart-Homn, Conmsulting Engineers amd Planmners.
"Appendix: Cecil County, Maryland. Compre-
hensive Water and Sewerage Plan," Dacember
1969.



¥.3. Public Health Service. ™Hepost um
the Comprehensive Sutvey of the Water
Resources of the Delaware River Basin."
Vol. VI. Prepared for the U.S. Aymy
Engineer Districe, Philadelphia Corps
of Engineers, June 1957,

Weston, Roy F., Euvironmental Scientists
and Engineers. "“Engineers' Evaluation
Beport = Potable Water Supplies, Hew
Castle County, Delsware." April 1970.

Whitman, Requardt and Associates -
Congulting Engineers. "White Clay Creek
Dam and Reserveir." Prepared for the
Department of Public Works, New Castle
County, Wilmington, Delaware, March 1967.

VIRGINIA

Cantral Virginfa Planning District Com—
adssion. "Cemprehensive Plan.” Septem—
ber 1970.

Coumonwealth of Virginia, Department of
Conaervation and Econcmic Development,
Division of Water Rescurces. "James
River Basin Comprehensive Warer Resources
Plan." (Six Volumes.) Vol. I: "Intro-
duction.” March 1969,

Vol. 1It "Economic Beae Study."
Vol, III; '"Hydrologic Analysis."

Vol. IV: "Water Resource Requirements
and Problems."”

Commomwealth of Virginia, Department of
Conservation and Economic Development,
Mvision of Water Resources. “TPotomac=
Shenamdoah Kiver Basin Comprehensive
Water Resources Plan.” (Six Volumes,)
Vol. I: "Introduction," Harch 14648,

Vol, II: "Economic Base Study.”
Vol. III: "Hydrologic Analyais,"
Vol. I¥: "Water Resource Requirement.”

Vol. Vi "Engineering Developwent Alter
vatives,"

¥ol. VI: "Impiementation of Development
Alternatives."

Department of Public Works, City of Norfolk,
Virginia. "Regional Water Plan Presented
to Southeastern Virginia Reglonal Planning
Commisaion. July 11, 1947,

Federal Water Pollution Control Adminis—
tration, Planning and Evaluation Office,
"Flew Requirements in the James River
Basin," Hay 1969.

Griffin, Robert J. "Projectlons and Econowic
Base Analysis/Petersburp-ilopewell-Colonial
Heights Metropelitan Area.' Virginia Div-
ision of Stare Planning and Community Af«
falrs, April 1967.

Harland Bartholomew and Associates. "The
Comprehensive Plan/Petersburg, Virginia,"
March 1968.

Heonfington, Durham & Richardson. “Potable
Water Supply Investiparion for Southeastern
¥Yirginia Planning District Commission."
Fabruary 1970,

Knapp, John L. "Projections to 1980 for
Virginia Metropolitan Areas." Covernor's
Office, Office of Adminiscration, Division
of State Planning and Commmity Affairs.
August 1967, -

Malcolm Pirnie Engineers. “Peninsula
Planning Diserict Commission/Water and
Sevverage Facilitles Plan.” August 1369,

McGaughy, Marshall & McMillan, Architects
& Consulting Engineers. Vol. 1:
"Area-Wide Plan for Long Range develop~
mant of a4 Regional Water System."
April 1970.

Vol. 2: '"Technical Data.,"

Norfolk, Virginia - Pertinent Informatiom:

1. Letter from City of Norfolk to Corps
dated 20 March 1969, with attachments.

2, Report by Whitman, Requardt & Associ-
ates to the Department of Public Works,
City of Norfolk on Water Hesources,
August 1937.

3. PReport by Norfolk Department of Public
Worka on "Water Resources/City of
Rorfolk,” September 1958.

4, Report by L.W. Tazewell, C.E., on
“The Meheerin River/A Source of Water
Supply for the City of Norfolk, Vir-
ginia." Maxch 1955.

V.8, Department of the Army, Cotps of En-
gineera, Norfolk District. '"Review Re=
port on Salem Churech Reservoir = Water
Supply Rappahannock River, Virginia."
May 2, 1966,

Virginis Department of Conservation and
Econgmic Development, iMvision of
Water Resgurces, "Flow Characteriatics
of Virginia Streams - North Atlantic
S5lope Basin." HNovember 1969,

Whitman, Requardet smd Associates. "Report
to the Deparement of Public Works, Diviasion

of Water Supply on The Water System of

the City of Norfolk, Virginia," February 1948,

83



"Cecll County, Haryland, Compreheasive
Water and Sewerage Plan." Prepaved for
the County Commissicners of Cecil County.
December 1969,

Delavare Ceclogical Survey. "Evaluation of
the Water Resources of Delaware," March 1966.

Delaware Rtiver Basin Commission,

(1) “Delaware River Basin Compact.”
1961,

{2} "Annual Report 1968."

{3) "Annual Reporc 1969."

Delaware River Basin Commiasion. "Delaware
River Basin Cowmisailon Comprehensive Plan."
March 1962, Also: Excerpts from 1970
Comprehensive Plan; Tables A-l and B-1
plus Major Dam Figures.

Delavare River Basin Cormission. "Sixth Water
Basources Program of the Delaware River Basin
Commisaion," February 1969,

"Seventh Water Rescurces Program." March 1970.

Delavare River Basin Commiseion. "Third Water
Resources Program.” February 1956,

Delaware River Basin Commission  Seaff
Report "Water Demands in the Delaware
River Basin as Related ro Tocks island
Rezervolr Project " HNovember 1971

Deleware River Basin Water Reacurces Survey,
"State of Delaware, Intrastate Water Re—
sources Survey." 1959.

Delawars Valley Regpional Planning Commission,
"The Delaware Valley Plan," Hareh 1970.

Delavare Valley Regional Planning Comnission,
™1985 Reglonal Projections for the Delaware
Valley." Reprint of Chapter 4. DVEPC Plag
Raport Neo. 1. 1967,

Delavare Valley Regional Planning Commission.
"The Regional Water Supply and Water
Pollution Control Plans.” 1969,

Hoeh, Roger Smith, University of Delaware
Water Rescurces Center, 'Water Resources
Administration in Delaware.” August 1966,

New Castle County Department of Planning,
Advanced Planning Division. "Projected
1985 Population for Wilmington, Sub-
urban Area and New Castle County, and
Estinated 1964 and Projected 1985 Popu=
lation for theaa Areas by Traffic Zones."
April 1967,

8l

New Castle County Regional Planning
Coomission. “A County Comprehensive
Davelopment Plan Background Study.”
August 1967,

New Castle Department of Planning,
Advanced Planning Division. "A Comm
parison of 1960 and 1967 Population of
New Castle County by Hundreds and
Census Tracts {Using 1960 Census
Boundaries) - Pare I." October 1968,

North Atlantic Division, Corps of
Engineers, "Water Resourcea Develop—
ment in Delaware," .January 197).

North Atlantic Division, Corps of
Engineers, '"Water Resources Develop—
ment in Maryland.” Jemuary 1971.

University of Delaware, Divizion of
Urban Affairs. "A Water Rate Study
for the City of Wilmington." July 1969,

University of Delaware, Division of
Urban Affairs, "City of Wilmington
Water System." November 1967.

University of Delaware, Division of
Urban Affaira. “The Wilmington
Sewerage Treatment Program." Pre-
pared for the Mayor's Fiscal Study Com=
wictee, Wilmington, Delaware., October 1967,
&

U.5. Army Engineer DMstrict, Philadelphia.
"Delaware River Basin Report.” Wwol, I,
Main Report, Prepared for U.S. Army
Division Engineer, North Atlantic.
December 1960,

U.5. Department of the Amy. Corps of
Engineers, Philadelphia District.
"Information Bulletin ~ Delaware River
Basin Study." Revised May 1961.

U. S. Department of the Amy., Corps of
Engineers, "“Report on the Comptehensive
Survay of the Water Resouices of the
Delaware River Basin." Lleven Volures,

Vol. VI, Appendix M, “"Hydrolepgy". April 1960,

U.S. Departient of Health, Education,
and Welfare: Public Health Service.
"Delaware River Basin Repert.” Vol, ILII.
Reporet for V.5, Amy Engineer Districr,
Philadelphia, December 1960.

U.8, Department of Interior Geological
Survey. "Report on the Comprehensive
Survey of the Water Resources of the
Delaware River Basin." Vol., VII. Pre-
pared for the U,S5. Army Corps of Engin-
aers, Philadelphia. December 1960,



Wiley & Wilson, Consulting Engineers.
"A Comprehensive Report on Future Water=
works Improvements for the City of Lynch-
burg,"” December 1966.

"Report on a Water Supply Development
from the Appomattox River for the Ciries
of Norfolk, Portsmouth, Petersburg, New-
port News, Colonial Nelghts and Chester—
fleld Coumnty, Virginia.™ 1958.

85



GI.OSSARY

acre-foot -- A term used in measuring the volume of water,
equal to the quantity required to cover 1 acre 1 foot in
depth, or 43,560 cubic feet.

appurtenances -- Machinery, appliances, or auxiliary structures
attached to the main structure, but not considered an integral
part thereof, for the purpose of enabling it to function.

aquifer -- A porous water-bearing geological formation,

chlorination -- The application of chlorine to water, sewage,
or industrial wastes, generally for the purpose of disin-
fection, but frequently for accomplishing other biological
or chemical results.

disinfection -- The killing of the larger portion (but not necessarily
all) of the harmful and objectionable microorganisms in, or
on, a medium by means of chemicals, heat, ultraviolet
light, etc.

facilities, water-supply -- The works, structures, equipment
and processes required to supply and treat water for domestic,
industrial, and fire use,

field, well -- A tract of land containing a number of wells,

gallery, infiltration -- A gallery of some magnitude, with openings
in its sides and bottom, extending generally horizontally,
into a water bearing formation, for the purpose of collecting
water contained therein.

lake ~-- An inland body of water, fresh or salt of considerable
size occupying a basin or hollow on the earth's surface, and
which may or may not have a current or single direction of
flow,

lake, glacial -- A lake occurring in the bottom of a valley which

was formed by glacial action, or a body of fresh water on the
land surface impounded by a dam of glacial ice.
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precipitation -- (1) The total measurable supply of water of all
forms of falling moisture, including dew, rain, inist, snow,
hail, and sleet; usually expressed as depth of liquid water
on a horizontal surface in 2 day, month, or year, and desig-
nated as daily, monthly, and annual precipitation. (2) The
process by which atmospheric moisture in liquid or solid
state is discharged onto a land or water surface,

precipitation, annual mean -- The average over a period of
years of the annual amounts of precipitation.

reservoir -- A pond, lake, tank, basin, or other space, either
natural in its origin, or created in whole or in part by the
building or engineering structures, which is used for
storage, regulation, and control of water,

resources, water -~ The supply of wafter in a given area or
watershed, usually interpreted in terms of availability of
surface and/cr underground water,

runoff -- (1) That portion of the earth's available water supply
that is transmitted through natural surface channels. In the
general sense it is defined as that portion of precipitation
which is not absorbed by the deep strata, but finds its way
into the streams after meeting the persistent demands of
evapotranspiration including interception and other losses,
It includes surface runoff received into the channels after
rainfall, delayed runoff that enters the streams after passing
through portions of the earth, and other delayed runoff that
has been temporarily detained as snow cover or stored in
natural lakes or swamps. Some writers define runoff fo in-
clude both direct runoff and groundwater runoff, (2) Total
quantily of runoff during a specified time. (3) The discharge
of water in surface streams usually expressed in inches
depth on the drainage area or as volume in such terms as
cubic feet or acre-feet, (4) That part of the precipatation
which runs off the surface of a drainage area,

runoff, annual, mean -- The average over a period of years of
the annual amount of runoff discharged by a stream.

shortage index -- The term '"shortage index' pertains to cri-
teria useful in planning water resource development and, in
fact, has been selected as a parameter for the yield-storage
relationships. The shortage index is described as equal to
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the sum of the squares of the annual shortages over a
100-year period, where each shortage is expressed as a
ratio to the annual requirement, It follows that the nu-
merical value of the index varies in direct proportion to
the number of shortages and the square of the shortage
quantities. Thus, one annual shortage of 10 percent in
100 years would be equivalent to an index of 0.0l and one
shortage of 20 percent in 100 years would be equivalent
to an index of 0. 04.

socio-economic factors -- Those elements effecting the system
or condition of a community of interdependent individuals
and the production, distribution and consumption of wealth
as related to the satisfaction of the material needs of those
individuals,

source, water supply -- A stream, surface or underground body
‘of water from which a supply of water is or can be obtained.

Standard Metropolitan Statistical Area (SMSA) -- A Standard
Metropolitan Statistical Area is defined in the Bureau of
the Budget publication, Standard Metropolitan Statistical
Areas: 1967, and subsequent publications, U.S5. Govern-
ment Printing Office, Washington, D, C., 20402,

storage -- (1) The impounding of water, either in surface or
underground reservoir for future use, The term differs
from pondage in that the latter refers to more or less tem-
porary retention of the water, whereas storage contemplates
retention for much longer periods, (2) Space in a reservoir
utilized to store water.

supply, water -- (1) A general term for the sources of water for
public and private uses, (2) The furnishing of a good potable
water under satisfactory pressure for domestic, commercial,
industrial, and public service, and an adequate quantify of
water under reasonable pressure for fire fighting.

supply, water, available -- That amount of water, expressed
either in terms of a rate of flow or as a volumetric quantity,
which exists in a source of water supply such as a stream,
or reservoir, over and above the quantity necessary to supply
valid and prior rights and demands. Such demands may be
under rights by appropriation, riparian rights, or rights of
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users or owners of lands overlying a subterranean or ground
water basin {o the replenishment of their supply from suriace
sources. The water in question may be either surface or
ground water,

supply, water, private -- A water supply from which water is
not available to the people at large, its location and out-
lets being on private property to which the general public
does not have access or legal right of entry.

supply, water, public -- A water supply from which water is
available to the public at large or to any number of members
of the public indiscriminately.

supply, water, regional (as used in the UMA study) -~ A regional
water supply is a system which has the sources and facililies
to serve adequately two or more municipalities, and which
results from the integration of any one, or any combination,
of the plans, designs, construction, management, or inter-
connected facilities of smaller systems.

trend -- A statistical term referring to the direction or rate of
increase or decrease in magnitude of the individual numbers
of a series over a period of time, when minor fluctuations of
individual members are disregarded.

Urban Metropolitan Area (UMA) (as used in this portion of the
NEWS study) -- An urban metropolitan area is an integrated
economic and social unit with a population grealer than
50,000 comprising a central city and outlying areas. Iis
boundaries contain fringe sreas whose densities may be ex-
pecied to approach 1, 000 per square mile. For the purposes

of this study, a UMA is a water service area which is potentially

amenable to regionalized water supply.

yield -- (1} The quantity of water expressed either as a con-
tinuous rate of flow (cubic feet per second, etc.} which can
be collected for a given use, or uses, from surface or
ground water sources on a watershed. The yield may vary
with the use proposed, with the plan of development, and also
with economic considerations. The term is more or less
synonymous with water crop. (2) Total runoff. (3) The
stream flow in a given interval of time derived from a unit
or watershed. It is usually expressed in cubic feet per
second per square mile, determined by dividing the observed
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stream flow at a given location by the drainage area above
that location,

yield, dependable, n-years -- The minimum supply of a given

water development that is available on demand, with the

understanding that lower yields will occur once in n-years,
on the average,

yield, groundwater, potential -- The greatest rate of artificial

withdrawal from an aquifer which can be maintained through-
out the foreseeable future without regard to cost of recovery.
The physical yield limit is, therefore, equal to the present

recharge, or that anticipated in the foreseeable future, less
the recoverable natural discharge.

yield, safe -- The maximum dependable draft which can be made

continuously upon a source of water supply {surface or ground-
water) during a period of years during which the probable
driest period or period of greatest deficiency in water supply
is likely to occur., Dependability is relative and is a function
of storage provided and drought probability.

yield, water -- The total outflow from a drainage basin through

either surface channels or subsurface aquifers.
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